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ImpLi-idiiv^ Death Under Anesthesia* 
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T in ' \p( I uiiK ii () ih t ] (1 111 I 

nil tin slhi 11 ti (M I U \ liH.i 

C\ I 1 \ sin 1 is lull (> < I) 

coiint(‘i, is I pi 1 I I in v\ h« I huiii li 
on ,i \(“i\ lai^i muiilji I i i * i ii m 
fi\e to.Rluntj iiospitals on thr i lonl 


nents ^[ost cineigenc) suigeons aie 
remo\ ed fi oni llie facilities of a teaching 
hospital, tlieii patients aic ottcn ciiti 
calh ill and must be piepaied foi opeia 
tion hastih Foi those loasons an einei 
genes smgeon comes face to face with 


•Head at Fleimtli Annual AisomhU U S Chap 
ter International College of Surgeons, Detroit, 
Michigan, October, 1946 

t Surgeon, Itoral Northern Hospital London 


iiiiiitiKlni!; death midei ane'-thcsia lola- 
I 1 \lK ottLMl 

M\ mtiodactioii to tins, inipoi taat sab 
Hit was whoa, as a student, 1 was called 
upon to help in an nna\ ailing attempt 
t) leinc a giil who had eollapsod nndei 


iiitious o\ide anesthesia Since that 
tunc I haie often leflected how piofit 
able it would he to ha%e oigaiiized dull 
to piopaie ns foi these cases Uiifoitn 
natelj, with an opeiating lOom staff 
changing constaiitl}, this is seldom 
pi actical 

To talvO the tiouble to procure a dis 
tinctivo jar and place within it oertani 
lesnsoitatne agents, to seal it with ad 



Fig 1 \ncsthctip rmorgeiio Outfit (n) Mcthcdnnc (general pressor substance) (b) Amjl nitrite 
(canine arrest oi i rdnt depicision) (c) Aljhnlolcline (reapiratorj ccntei stimilant) (d) Calcium 

gluconitc (ctl or coinulsuns) (^) Pcntothal (ancstlctic coiuulsions (f) Picroto\in (antidote to 
pcntotliil) (g) S mothAlniothiomea (collapse under spinal nesthesn) 
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DIAPHRAGM 


I'if;. li. iSl.-iiiiliird <tt' jM tfnritiiti” i-iti i" i”.-. 


anesthesia can he se,nr(\naR'<l into two 
funclainenlal ealei^ories; 

(1) Bine aspiiyxia (primarily res])ira- 
lory) 

(2) White asphyxia (pi'imai-ily {!ar- 
diac) 

It is to the far more serious eondition 
of white asphyxia that special atlcnlion 
will he directed. 


the iliaphraym (I'hu'. 2). h'or the lirst 
half minute these movements should he 
ijuiek and foreihh'. After hall a minute 
(so as not to overtire* tin* liinul) the 
mov(‘nu>nts should heeome slower. Soine- 
tinu's om* eardiae eoidraetion takes 
idaee hut the heart does not eontinne 
to heat. In nearly all sjieh eases it ro- 
(pdres only a little further perseveranee 
to ex]K'rienee the ineredihle satisfaction 


o 






\OL X 

N<.* 1 


L\ll I \ 


of t!u‘ IrniiI pUMi; i > .UltO 

inatic Ju-tuitN. ^1'*'* l)i*aN '• nuthou, 
tliey ‘'u fiiiickh a h\ th** 

<im(' tlu‘ surmnai lia^ - > •'luh •»! 
rcliof (lu foutvactioii'' In, am -lionu, 
that the lioait kiinclN’- a^.»'n't tha tinnl 
haiirl honoath fhc WltafiRti 

may ho tiu* tiaxail" tli.it .u'Um lioiu 
l)u' clioi(H‘ of till piaitu’i* ot "inu^ix 
i profo'^^'ion, tin ICO loit.iin it that m 
ii(» walk of liii. (an iIkic h** a ch.iPm 
nf a'"'i(luoii'' lai)oi than dial 
of SCoillU' liofoio Olio''' Os illo it*'Oll 
I clnrnini;. 

In each of my CcJ^os ^i.li il!«i]»hia*i- 
matie ina‘''‘airc, dostnlioil, \sa'. u-^od. 


minpicd Some bnigeons employ Xioliol- 
"O'l s II, tiiiid fiom the stait, ami their 
ai'iiiMUM r lor so doing is well founclecl. 

A'(// Mcfliofl: A huttoii-hole 

in« ision Is matle immedintely holiind the 
of tht \i])liisleriinm between the 
altadmuMit of tlic two sides of the dia- 
plirai;in Tlie thumb of the right baud 
j- through the opening. The 

heart (within its poricai’dium) can then 
be compressed between the thumb above 
and the fingers beneath the diaphragm. 

« • * 

Tor more fliaii 20 years 1 liave en- 
ileavored to clarify what is the best 



AVhen the patient has a deformed 
thorax or a rigid costal margin (usually 
such patients are elderly) and as a con¬ 
sequence the operator is not satisfied 
that he is compressing the ventricles 
effectively, or when no response to the 
standard method has been obtained after 
a minute or a minute and a half, Nichol¬ 
son’s' method (Pig. 3) should he 


procedure in cases of cardiac arrest. 
In former editions of my “Emergency 
Surgciw” I set out a table: a time¬ 
keeper, artificial respiration, hot pre- 
coidial packs, and intracardiac injec¬ 
tion of adrenalin were scheduled in an 
orderly plan of action. In that plan 
(now obsolete) cardiac massage might 
be described as the last card. 
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J, INTERXAT. 

COLL. SUUO. 

From time to time I have questioned 
myself whether these instructions, which 
conformed to orthodox surgical teach¬ 
ing, were in the best interests of the 
patient. An analysis of published cases 
showed that cardiac massage had been 
relatively more successful when the 
catastrophe necessitating it had occurred 
during the course of an abdominal oper¬ 
ation. It was reasonable to assume that, 
the abdomen being open, massage was 
resorted to sooner than would otherwise 
have been the case. In 1941 I recorded 
that I had performed cardiac massage 
about 40 times. In 13 cases the heart 
started beating in earnest; but too often, 
after giving hope for hours or days, dis¬ 
appointment was the outcome—only 5 
patients survived. The following case 
caused me to revise the plan and to 
advocate earlier cardiac massage. 

I had completed the operation of epi- 
didymeetomy for tuberculosis on a hoj’’ aged 
12. No anxietj’' had been experienced. I 
happened to look through the window of the 
chauging-rooiu, and saw the anesthetist per¬ 
forming artificial res¬ 
piration. The child 
had white a.sphyxia, 
and we immediately 
put in operation the 
routine of having a 
timekeeper call out 
the passing minutes. 

At three-and-a-half 
minutes I injected 
adrenaline into the 
heart. At four-aud- 
a-half minutes, after 
hastily scrubbing up, 

I opened the upper 
abdomen and per¬ 
formed cardiac mas¬ 
sage. A full minute 
lapsed without any 
response. There was 
then one beat, a short interval, then three or 
four heaTs, and he commenced to breathe. By 
The time the abdomen had been closed with 
throngh-and-throngh sutures some color had 
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returned to tlie patient’s blanched face, tlie 
pulse was full, but very rapid, and oxygen 
was being administered. Next day the patient 
said he felt well. 

On the third daj' the boj" complained of 
dimness and double vision. On the fourth 
da3^ he could distinguish onl.y between light 
and darkness. There were other evidences 
of serious disturbance of the central nervous 
sj'stem, such as incoordination and some 
paresis. Obviouslj^ the vital centers had been 
left too long without a blood suppty, and 
during the period of blindness I wondered 
whether it would not have been better if the 
cardiac massage had failed. It was during 
this period that I became determined to ad¬ 
vocate earlier cardiac massage. B.y what I 
believe to be an unprecedented stroke of good 
fortune, the patient’s vision gradually re¬ 
turned and all other untoward signs 
disappeared (Fig. 4). This patient was 
jmung, and it is reasonable to suppose that 
the unexpected restitution of function was 
attributable to his jmuth, for Swift Joly’s® 
patient, a man of 55, resuscitated under 
similar circumstances, never fullj’’ recovered. 

I want to make it perfectly clear that 
I have now al)ancloned expending time 
in performing artificial resiDiration and 
injecting adrenaline into the ventricle. 
It seems obvious that, if the heart has 
stopped, the sooner it is massaged the 
better. As a consequence of following 
this simiole dictum I am able to record 
three consecutive successful cases of 
cardiac massage, an experience vastly 
different from that when cardiac mas¬ 
sage was longer delayed. 

Further, it appears that the early 
anxieties and . later complications that 
follow temporaiy cardiac cessation are 
proportionate to the length of time the 
organ is functionless—an observation in 
keeping -with rudimentaiy physiological 
principles and common sense. It may 
even be said that, with proplylactic 
chemotherap 3 ’ no4V available, if a pa- 


IMPENDIXG DEATH UXDEU AKESTHESIA 



Fig. 4. Case described, 
six months after success¬ 
ful cardiac massage. 
Vision unimpaired. 
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IHMILTON liMLn 


J IMrItN \T 
COLI SLlt 


tieut Is m nasoiiulih _ ml condition 
boiou 1)1111" nncstlii t /mI nut llie lime 
flic lie II t IS iilloind to '1 mil still is less 
tlimi niinntes, hit pilicnt will piob 
nbh snllc’i iieitln i b.iini noi o\cn am 
intomciiieiipc bi\ond tbit oiiasiomd 
In .111 nppii .ibdomin d incision 

C 1 I I I ST 1 1 CN OI 11 1 IDS 

Tbe ant still tist iijioits tint In can 
not feel the piiNi Is tbc lit lit In itiii^l 
When llic stii!;ion Inis aiciss to i lai.,e 
niteic sttcli as the nbdoiinn.il aoiti oi 
tbc coniinon dine aitiii, In i.m biinsiH 
coiifiiin 01 dein tli d tbo In.iit bis 



ce.Tsed to be.nt 'Wbeii such <nii aiteij 
IS not .m aibible, it is the anesthetist who 
must settle tins point be tbo means lie 
thinks best, in mj eiew the caiotid 
pulse IS tbe most leliable indicatoi 
Thiee qnaitois of a minute is avail.nble 


loi obt It mil, this intoiimtion Dining 
tins pell id tbc incstlntist leiihes tli.it 
the pitiMiis mw i\ lb not obstincted 
Tills lKin„ (loin, In bienks a t.ipsiile ot 
.iiml iiitiiti nmlei the patient s nostiils 
Accoidiiig to Piiiiiiose, the e\hibition 
of aiinl nitiiti is the means of distiii 
"iiisbing between eaidiac depicssion and 
caidiae aiiest IS bile these 45 seconds 
.lie fleeting, tbe siiigeon is not idle, he 
and the the.itei sistei oi siiigical nitibe 
aie steiilizina tbe piecoidial and epi 
gastiic aicns, and arianging towels 
snitabh 

PncI uiff tilt allude As soon as 
the piecoidial niea Ins been sfeiili/ed, 
the light aniicle should bo piicked with 
a needle Tbe iieocllc is tin list into 
the thud light inteispace at the iippoi 
iim of the foiiith iib, close to the stomal 
boidei (Fig 5 ), and is diioctod npwaids 
(biMiian*) This can be nccomplisliod 
in the twinkling of an oco 

Cardiac massage Unless the iespouse 
to the .abo\o stimiiliis is obiioiis and 
immediate, oai dine massage be the tech 
me desciibod ,abo\e must be iindoi taken 
foithwitb 

Posluic The head should be loweied 
be tilting the operating table “Tbe 
coitc\ can be kept fioni death be the 
ineiest tiickle of blood” (Sii Leonaid 
Hill) The anesthetist can attend to this 
while caidiac massage is in piogiess 

Artificial lespiiafioii M.anitesth,aiti 
ficial lespiintion is futile if the hoait is 
not beating, but no haiin is done in con 
timiiiig automatic lespiration with an 
anesthetic machine if the anestlietist has 
the facilities foi doing this Indeed such 
a measnie is higblj desiiable, foi, 
should the heait’s action bo le ost.ib 
lished, not a second is lost in ovigenat 
mg the eistwhile stagnant blood in the 
lungs 
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J. JNTEBNAT. 

COLD. SDRG. 

In some instances, almost as soon as 
the heart starts heating the loatient 
breathes spontaneously. In others arti¬ 
ficial respiration must .he carried out 
sometimes for a long period. 

Repairing the incision. It is inadvis¬ 
able to close the midline incision until 
it is certain that the patient is breathing 
without artificial aid. If the surgeon has 
time on his hands, he can insert tlirough- 
and through sutures without tying them 
(Fig. 6). 

Sulfanilamide powder is poured into 
the wound, which is closed rapidl}^ It 
is sufficient to close the upper mid¬ 
line incision Avith strong, interrupted 
through-and-through sutures traversing 
all layers. If the button-hole incision in 
he diaphragm has been made, the suture 
of this opening is unnecessary. 

Immediate after-care. As soon as 
convenient, the hlood-iDressure is taken; 
if it is under 100 mm. Hg, plasma in¬ 
fusion is given and a pressor drug- 
administered. 

More remote after-care. An impor¬ 
tant consideration in the after-care of 
the patient is that his luugs should he 
kept Avell ventilated by the intermittent 
administration of CO 2 . Whenever pos¬ 
sible, penicillin therapy should be 
started within the first feAV hours. 
These measures are designed to prevent 
pulmonary complications that are so 
likely to develop after trauma of the 
diapliragm. 

SOME ENCOUEAGEMEUTS 

How long should we persevere -with 
cardiac massage? This is a question 
that has never been settled, but a lead 
is given from a case reported by Adams 
and Handd” Avhere cardiac massage Avas 
continued for no less than tAventy min- 
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utes before a response Avas obtained. 
The patient recovered. 

Perhaps the most stimulating case is 
that recorded by Easton,^ Avho coura¬ 
geously performed cardiac massage by 
Nicholson’s® method in circumstances 



Mg. 6. Tlirough and through sutures having heen 
inserted, tliey can be gathered together as shown, 
and later tied in a few seconds. 

which alloAved only of using an unsteri¬ 
lized scalpel, Avith his hands unwashed. 
His patient Avas a Avoman, aged 25, 
AAdiose heart stopped during chloroform 
anesthesia for childbirth. Several hours 
after this ordeal the patient had recov¬ 
ered sufficiently for a general anesthetic 
to be administered AAdiile her abdominal 
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■wall was sulured. Slu- recovered 
imevuiilt‘ully. 

-MacLeod’s*” patuni collapsed under 
spinal anestliesia TIioup:h the heart 
responded to cauliae massage after 
two minutes, it was 45 minutes be¬ 
fore re.spirations became automatic. 
Througljonl this period the surgeon and 
the assistant took turns in cairyiug out 
artificial respiration and keeping a hand 
beneath the diaphragm. 

Grimshaw’s*^ patient was a woman, 
aged Gl, whose heart stopped during 
the administration of pentothal. fhar- 
diac massage performed about tlnce 
minutes later led to complete recovery. 

Tlie.se reports prove that cardiac 
massage can bring hack to life those 
whose hearts have ceased to boat while 
under any form of anosthosia. 

BLUE ASPHYXIA 

Concerning the possibilities of resusci¬ 
tation in cases where the lieart’s action 
has ceased following blue asphyxia, little 
information is to be found in literatui’e. 
I am sure that I have established con¬ 
clusively that the time limit for success¬ 
ful cardiac massage in blue asphjTcia is 
lengthened tremendously; this is in keep¬ 
ing with what we might expect from 
a theoretical consideration. In blue 
asphyxia the cerebral mechanism is not 
deprived of blood; indeed, it is con¬ 
gested, and because of this, the cerebral 
cells survive longer than if congestion 
were not present. 

CAUDIAC 5IASSAGE IX LATE BLUE ASPHYXIA 

At 7:30 P.JI., I •was on my way to visit 
another patient when an agitated nurse ran 
out of a room saying, “He is very blue.” 
I entered the room, and a man, aged 28, 
from whom I had removed the left sub- 
maxiJlary salivary gland for calculus about 


three-quarters of an hour previously, ^Yas 
hing quite still. His face was sull’used and 
deeply eyauotic. 1 pulled his head and 
shoulders lo the side of the bed, inserted a 
mouth gag which was on the table, put tnj* 
right index linger down to the back of his 
throat, and attempted lo perform artificial 
respiration by placing the base of my left 
hand o^cr the xiphisternum. As soon as I 
had established an airway, I recall that I was 
surprised to see how effective was this method 
of getting some air in and out of the lungs. 
After about a dozen comi^ressions lie made 
one respiratory effort. This, the only sign 
of life, was not repeated. I had sent the 
nurse to fetch Sister and anyone else avail¬ 
able. At last the nurse returned with the 
news that Sister was at dinner; she was 
accompanied by another nurse. I exhorted 
them to find someone. Possibly a minute 
later. Hr. Marre, a dermatologist, w'ho had 
come to visit a patient, appeared. Dr. Marre 
performed artificial respiration while I 
swabbed out tlie pharjus. 

After about two minutes we concluded that 
there were no signs of life, and I asked 
Hr.. Marre to go to the theater and fetch a 
scalpel. This he did, and returned after 
what seemed to be a very long time, but 
afterwards we estimated it was five minutes 
(the theater was on another floor). During 
all this time I continued to perform artificial 
respiration. The scalpel w'as in a bowl of 
antiseptic; and, having rinsed my hand, 
which was lacerated by the patient's teeth, 
in running water, I dipped my hands in the 
antiseptic and then poured some on the 
patient’s epigastrium. 

Having incised in the middle line, I started 
cardiac massage from beneath the diaphragm, 
and, after about 1% minutes there were, as 
I have experienced before, one or two beats 
followed by further cardiac cessation. Con¬ 
tinuing the massage for some seconds, the 
heart sprang into activity, and, shortly 
afterwards, the patient began to breath 
naturally. Sulfanilamide powder and the in¬ 
struments for sewing up the abdomen were 
sent for (by this time numerous helpers had 
arrived on the scene), and the abdomen was 
closed. 
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By 8:30 P.]\L, the patient was breathing 
well, the pulse-rate was about 120 and stead}'-, 
the pupils were widely dilated and fixed, and 
the conjunctival reflex was absent. The face 
was still very suffused, and the purple tongue, 
which had been torn bj' iny endeavor to draw 
it forward, continued to bleed; consequently 
the pharynx had to be swabbed out periodi¬ 
cally. By midnight the pupils ivere smaller. 



Fig. 7. Case described, two years after remarkable 
resuscitation. His heart was arrested for at least 
twelve minutes. 


but the conjunctival reflexes were still absent. 
The patient became restless about 12 -.30 A.M. 
and periodic attacks of restlessness occurred 
during the night. At 4:30 A.M., he showed 
signs of cerebral irritation and had to be 
held in bed. One quarter grain of morpliine 
was given. By 5 A.M. the pulse-rate was 
again down to 120, but at 8 A.^I. extreme 


restlessness returned. Another l/'6th grain 
of morphine w'as administered. At 10:30 
A.M., there -was generalized sweating. The 
blood pressure ivas 116 s.ystolic, 78 diastolic. 
The pupils were pin-point and equal, but 
there -was no reaction to light. The limbs 
wei’e somewhat spastic; and, ivhat ivas pro¬ 
foundly disappointing, there Avas no sign of 
return of consciousness. IIoAvever, 131/2 
hours after the cardiac massage, the patient 
began to swallow, and, from this time on, 
hope of a successful issue Avas entertained. 
He spoke to a nurse 17 hours after 
resuscitation. 

He then continued to improA'e until the 
scA'enth day, AA’hen suddenly he experienced 
a A'eiy severe 2i'‘iiii in left side of the 
abdomen. This Avas correctly diagnosed 
(after difficulty) as diaphragmatic pleurisy. 
A left pleural effusion and later an empyema 
dcA'eloped. The patient recoA'ered (Fig. 7). 

This case shoAVS that in blue asphyxia the 
time limit for successful cardiac massage is 
ti’emendousl.y lengthened. At the A’ery least, 
the period of cardiac arrest in this case Avas 
12 minutes; in all probability it Avas longer. 


SUDDEN A'ASO-MOTOR COLLAPSE 

Referrins’ to those sudden cases of 
collapse Avhere the pulse hecomes almost 

imperceptible — 
crises Avhere, to 
be of A'alue, a 
pint or more of 
fluid must be put 
into circulation 
in the matter of 
minutes — it is 
my opinion that 
injection of fluid 
by means of a 
syringe or syr¬ 
inges into the 
bone-marroAV is 
the method that 
has yet to be bet¬ 
tered. By means 
>f a sternal-puncture trocar and can- 
lula (Fig. 8) the bone-niari‘OAV can 
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be witii unil cer- 

taintN ))L’(hvnrN bcpygmics— 

canimii/niion of a raWn'I'* tho venous 
I liavo cniniu\rt{ tlus expedient 
\vitU unitoviuded •^.iti-'r<u*tioit in several 
de'^peinte easc^, u{ \\l\ieli the roUo\vinj» 
is an <'\«Mnjple. 

A \<*i \ (hfiit alt niH'r.'itKJH luul j»st heon 
conclvuiott 'the ivin<i\al (U ft h!)ronoiiro- 
myxonui tin ^i/f tif a rrieket or tennis hall 
from thf fM«sU‘nor ot the biaelunl plexus 
In pjivsnjij aiti'ntiun i*' oaUed to the murxcl* 
oils ohtftim’d by Fiollo nnd Delnuis’ 

incision to tliiit deep, dnik nnd dftn*;erous 


111 gettifjr Uiidy the apparatus for infusion, 
U uas iimud that salmc solution would not 
run into tl'n lolt sapiienous vein Tlic liouse- 
surueoii il'i«iotore, cut down ou to the right 
sapluMuui'. vein, but tlie salmc solution gravi- 
tHteil at On late of only about twenty drops 
a intnnto Hm collapsed was tlie patient (a 
woman, aired 3.1) timt it w'as useless to expect 
i*eph'uislmicnt of the circulating fluid by this 
route I therefore ordered a sternal-puncture 
troear ami cannula to be sterilized rapidly, 
and forthwith canmdized tlie inaniibrunn 
'.tant liy tins tunc plasma was available, 
niul a pint and a quarter was injected in 
less than ‘2 minutes (Fig. 9) After the pa- 


* - I • ^ \ 


\ii r 

\ ^ j. j >. 

















Fig. 9. A pint of plasma or saline solution can lie in3ectcd by the syringe method into the marrow 
of the sternum in less than two minutes. 


recess belimd the clavicle. After removal of 
this tumour, as the gap in the posterior cord 
of the br.Tchial plexus ivas about 6 inches and 
the ends of tlic cord Imd been sutured to¬ 
gether, it was considered necessary to put the 
arm in n shoulder spica plaster. It was 
while the plaster was being applied that the 
patient suddenly collapsed. The pulse was 
imperceptible. After an unfortunate delay 


tient, who appeared moribund, had received 
a pint of plasma, the anesthetist reported 
that the pulse wa*, perceptible. It was not 
until she had received two pints of plasma 
via the bone-marrow that the cannula tied 
into the saphenous vein began to function 
adequately. By this time the patient was 
out of immediate danger 
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Impending death under anesthesia is 
a subject of cardinal importance to 
every surgeon. Experience has taught 
me that cardiac arrest can occur in any 
patient, with any anesthetic agent, and 
with any anesthetist. For reasons that 
are obvious, a general emergency sur¬ 
geon must expect to hear the heating 
of the wings of the angel of death more 
often than do surgeons engaged in spe¬ 
cial branches of our art. Even so, let 
him who thinketh he standeth take heed 
lest he fall from unpreparedness. To 
resolve to prick the auricle within 
three-quarters of a minute of ascertain¬ 
ing that the heart has ceased to beat; 
and, in the likely event of this expedi¬ 
ent’s being ineffective, forthwith to mas¬ 
sage the heart, will, I am sure, recall 
some of those whom Charon has started 
to ferry across the waters of the Styx. 

SOM3MAIRE 

L’auteur discute la technique du mas¬ 
sage cardiaque dans les cas d’asphyxie 
blanche on d’asphyxie bleue, associee a 
arret cardiaque, survenaiit durant le 
cours de I’anesthesie generate. II con- 
sidere cette methode de ressuscitation 
connne la premiere, plutot que la der- 
niere, ressource. Se hasant sur sou ex¬ 
perience personnelle, il est d’avis que si 
on a recours an massage cardiaque dans 
le delai d’une minute on d’une minute 
et demie apres que le coeur a cesse de 
hattre, les chances de survie son hien 
meilleures que si on retarde plus long- 
temps. It rapporte trois cas consecutifs 
dans lesquels on suivit ce dictum avec 
succes. L'auricule est ponctionne trois- 
qnarts de minute apres 1’arret car¬ 
diaque. Si cela est sans effet, on aura 
imniediatement recours an massage car¬ 
diaque. Dans les cas d’asphyxie bleue, 
on a nn pen plus de temps car dans 
cos cas le mocanisme cerebral n’est pas 
prive de sang. Dans un cas de cette 
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nature, la periode d’arret cardiaque 
etait au moins de douze minutes; nean- 
moiiis, il y eut reussite. 

L’auteur discute aussi I’affaissement 
vaso-moteur soudain. Il recommande 
pour ces cas 1’injection de fluide dans 
la moelle osseuse plutot que par canalisa¬ 
tion des veines. Son experience person¬ 
nelle avec I’emploi de la ponction du 
sternum par trocart et canule fui a 
domie des resultats tres satisfaisants. 

EESUMEN 

El autor trata de la tecnica del ma- 
saje cardiaco en los casos de asfixia 
Hvida y palida, con la concurrencia de 
interrupcion cardiaca que suele ocurrir 
durante una anestesia general. Cree que 
este prodecimiento de resurrecion debe 
ser un recurso imnediato, j no postrero. 
For propia experiencia llega a la con¬ 
clusion que el masaje cardia,co debe 
comenzarse dentro del minuto y medio 
que sigue a la cesacion de latidos en el 
corazon. En este caso, las oportunidades 
do revivir la accion del corazon son 
mucho mejores. El autor registra tres 
casos consecutivos y con exito en los 
cuales siguio el procedimiento inen- 
cionado. El auriculo es punzado den¬ 
tro de los primeros 45 segundos despues 
de la inmovilidad cardiaca, y si se prueba 
su inefectividad, se comienza el masaje 
cardiaco inmediatamente. 

El tiempo necesario en los casos de 
asfixia livida es mayor aiin, puea en 
tales casos el mecanismo cerebral no ha 
sido desprovisto de sangre. En uno de 
los casos de que se informa, el periodo 
de cesacion eardica fue de 12 minutos y 
probablemente mayor aiin. El resultado 
fue completamente feliz. 

El Dr. Bailey tambien exiDlica el co- 
lapso repentino del vasomotor, reco- 
mienda la inyeccion de fliiido por medio 

(Continued on -page 27) 
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The Sutgical Concept in H’y perthyroidism"' 

CH\s (-OKDOS UL\D MD 1) M V 1 \ C s MCS (Hon) f 
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T ill* i.ijntl aiK.uut ol hiotlieuiis 
ti\ 111'- loiilnlnUoil !,u>atl\ to 
out Miu\i lodno ol tli\ loiil (hvc,>''0 
Tho 'UiuH il nioit.ilitN 111 opoiatioii'- loi 
th>ioul ili'.iliilitN i-- ^uipusuiEch low 
Il IS loimiUil that with tho ixtoptioii 
of cniHoi ol tho tlnioiil, opoi.itious loi 
goitci mipK no "i.iio opei.itiio ii-k 
The low nioit.iht\ ol tlnioul suiseix i' 
somewhat sinpiisimr as the auatonmal 
licki Is one in which smeKal iiitenen- 
tion IS iispalh lia/aitloiis anil fiaiiislit 
with tlaimei The st.uulauti/alioii ol 
techiiiciil pioieiliiies, the spcciU eoiitiol 
of hemoiihaj;c, and tho low iiioideiioe 
of pnliiionaiy conipliealioits lin\o con 
trilnilecl lamely to the oxtelleut mmio 
diato sinsical lesnlts 

IVlion wo constdei postopeiatiie nioi- 
Iiidity flieie is iiuteli to bo desiied in 
logaid to bottei and iiioio assiiied good 
health. Poisisteiit lupeith) loidisiii, ic- 
cniicnt hjpeitlijioidisni, loeriowth of 
nodulai or adenoniatons goitcis, and 
disabilities of the voice and bieathiiig 
mechanism of the laiyiiv me all too 
frequent and may be tho cause of 
continued ill licalth or pcimancnt 
invalidism. 

Chemical studies base contiibiited 
gieatly to our uiidei standing of the 
fundamental problems of tlisioid djs 
function — hyperthyioidisin and hypo 


• liOTtl Tt tlio Flereath Nitioml AssemWv, TJmted 
States Clnpter, Intcrnatioml College of Surgeons, 
Detroit, Michigan, October 22 1^46 

i Professor of Surgerv, Y Poat Graflnate 

Medical School, Columbia Umver«5iU 


tb\ mutism Maligiianc) ol thetlixioid 
15 , lonnit in almost niiitoiiu peicentage 
111 all goitei dimes and n, basicalh asso 
ciattd with adcnoniatoin, oi noiliilai 

goiloi s 

The tact that li>peit!i\ loulisin is not 
inl'icqticnth associated with diab''tes 
and tiibeiciilosis has intioiliiced new 
pioblcms Cbemical studies on the glj- 
coljsis ot the luei m t!i>ioi.in stumila 
lioii lane contubnted kiiowledae on 
Ihj loul eiisos and litei e\baii»tioii The 
high pcicenfagc ot lijpopiotciiiemia in 
li\poith\ioulism has losulted in a iiioie 
adequate iiitiatenons theiapt foi tins 
condition 

Moie icecntl\ the intiodiictioii of 
tliionineil has opened a new chaiitei in 
theiapeubis. It ma' be said that tlie field 
of the goitei surgeon has been enlaigcd 
by this new knowledge Let iis leinem 
her that thioiiiacil is the fiist ot a 
gioup of clieinieal coniponiids that may 
hate a decided place iii the non opeia- 
tive ticatmciit of hypeitliyioidisni; we 
should also lecall that the fiist sul¬ 
fonamide was evtiemely dangeioiis, and 
that latei, with the ad\ nnce of cheinistry 
and clinical expeiience, thcie were 
evolved the splendid “sulfa" com¬ 
pounds that we use toda}. 

Thiouracil is a very dangcions drug 
and now that it is on tlic inaiket it will 
he the cause of a niimhei of dcatlis— 
twent}-seven deaths have alieady been 
icpoited following the use of this ding.' 
Its chief danger is tlie production of an 
agiamiloeytosis, which can and niidonht- 
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r.^, Dividing superficial cervical 
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PLATE 1 


tlie time of arrival in the operating ojierating table. Ordinarily the patient 

room. The .=ileep is not deep, for the has no recollection of the trip to the 

patient may he aroused hy being spoken operating room nor of the operation, 

to or hy changing his position on the By this somnolence the preoperative 
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tath\ udii\ inodiue 1 1 um niid tlit 
tiij) ti the opci.ili ni, etc, 

n\ouUil Aitci iIk It tv placed 111 
position on tlio ojK ^ t dilc, ethxleiie 
it.iv am stliosia 1 laid 

Till iisii.il pioi aire loi exposing the 
tliMoid eland rs to iniisc the tinical 
fascia 111 till 1 Lilian line and then to 
duiilc tin 1 hhoii imistks on eifhet side 
In apiihii^ two cuishiii" tlainps at 
appioxini itih the iippoi thud When 
this pioiiihm is completed, it ib pos 
siliU ill ti ntion npwatd and dowiiw iid 
ol tin dnidcd mitsclo irioiips, togelhci 
with lilii.d tiattion, to obtain a lml\ 
good hut iiiconipictc cxpobiire ot citliei 
side However, on nnnx occasions tins 
pioccduK does not give a good approach 
to till oiicrative fitld, and it bleeding 
oiciiis It ninv bo Lxlienielv didictiif to 
locate Ol to contiol without inpiiv to 
imiioitaiit stiucluios 

In tile conise of oiu txpoutnee vu 
In sail to siiiiphfv this hdateial pio 
ctdmc bv dividing both latiial gioiips 
of iibboii muscles—tight and left—be 
tween two champs, (Ims giving a laign 
and moio ample expasmo and leaving 
the opoiative field less eiiciimbeicd, 
with two clamps instead of foiii In 
addition, the goitei and llnioid gland 
m.iv be seen in then eiitii etv ° ‘ 

The skill incision is placed <it least 
tliice centimeters above the sternal 
notch (Plato I, Pig 1 ) It is our cus 
tom, before beginning the skin incision 
to “saw” rapidh watli a tliiead across 
the gieatest anteuor piotiiision of the 
tlivioid and to make the skin incision 
Dithci above, tlirongli, oi below the “red 
hue” made by the tliiead, depending on 
the geiieial shape, size, and asvm 
mctiv of the goiter The incision is car 
ned down to but not tliiougli the plat- 
vsma, and the upper and lower flaps 
aie developed The lower flap is fiist 


unde 11 11 ed to a depth ot about one to 
two iiiimitei>, the nppei flap, how 
evei, - I'socted upvvaid toi a considei 
able eh'l laie at least above the tlivioid 
pionioitiiv Hemostasis js coraplefed 
heloie anv tnitliei opeiative piocethiie 
Is eaiiuil out The snpeihcial eeivical 
fastia Is divided along the anteiaor 
boidei ot the light sfornomastoid muscle 
toi a distance ol seven to ten centi 
nieteis (Plate I, Pig d) A Paikei 
letiactoi IS nisei ted and bv lateial tiai 
tion the light stoinoniastoid muscle is 
displaced lateiallv, exposing the pie 
ti at heal fascia which extends tiom the 
oaiotid sheath to the midlinc This ]ne 
tiachonl lascia is incised in the same 
longitudinal diieetion The light lateial 
hoidei ol the prctiacheal raii'Cles is 
elevated and the index fingei is insiiin 
ated below the tliiee iibbon muscles and 
can ltd ncioss the midlmo to the anfcuoi 
bolder of the left steinomastoid imi'clc 
wboie a smiilai incision is made tliioiigli 
the pietinclical lascia as on the light 
side (Plate I, Pig ? ) The muscles aie 
laised off the isthmus of the thvioid and 
two Koclici clamps aie applied as fol 
lows the first assistant, standing on 
the patient’s left side and opposite the 
opciatoi, inseits the nppei Kochei 
elaiup fioiii the patient’s left to light 
siele and the opeiatoi inseits the lowei 
Kocliei clamp from the patient’s light 
to left side, the handles of the Kochei 
clamps aie thus placed one on each side 
of the patient and the two clamps aie 
applied at appi oxnnateh the piiiction 
of the upper and middle thud of the 
muscle gioiip The muscles aie then 
div ided and with a hook i eti actoi placed 
imdei each clamp, traction is made up 
vvaid and downward, and the entire 
thv roid area is fully exposed (Plate I, 
Fig 4) 

Bv these pioeediiros a complete ex 
posure IS made of the entire fhvioid 
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CAPTAIN JOSEPH S, 

t n 'AHjE desire and necessity for re- 

! conditioning the casualties of the 
^ war just ended have created a 
unique attitude toward their disabilities; 
and instead of the patients who cannot 
speak, cannot hear, cannot see, cannot 
walk being' considered as total losses to 
themselves and their community, such 
disabling results of combat present a 
distinct challenge. In investigating all 
the attempts to overcome such handi¬ 
caps in previous years, a definite pro¬ 
gram was planned for the service per¬ 
sonnel and carried out by the Medical 
Departments of the Army, Navy and 
Air Corps. The information from the 
Rehabilitation Centers of Great Britain 
and such civilian projects as that being- 
carried out by The Institute for the 
Crippled and Disabled was of value in 
planning and carrying out the recon¬ 
ditioning of spinal cord injuries. It was 
found that the best results were obtained 
by coordinating the efforts of the dif¬ 
ferent medical specialties, in deter¬ 
mining what was needed in the way of 
surgical repair reqiTiring the skill of the 
orthopedist, general surgeon, plastic 
surgeon, neurologic surgeon, and in the 
re-education and training requiring the 
teaching of the physical trainer, the 

* Presented Pefore the International College of 
Surgeons, Washington, D. C., December 7, 1945 
(Tenth Xational Assembly). 

t The opinions or assertions contained herein are 
the private ones of the writers, and are not to be 
construed ns ofiicial or as reflecting the views of 
the Mavy Department or the Nav.al Service at large. 
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psychologist, the psychiatrist, the speech 
teacher and the physical therapist. 

Brigadier General I\ W. Rankin has 
stated that the results in the care and 
retraining of patients suffering from 
spinal cord injuries will remain one of 
the most important contributions in the 
field of rehabilitation of casualties from 
this or any other war. Donald Munro 
of Boston, who has been one of the great 
contributors to our knowledge of this 
problem relating to civilian casualties, 
stated in a recent article: “If he has 
been iiroiierly treated, every patient 
with a spinal eord or cauda equina in¬ 
jury who is intelligent and co-operative 
and has the use of the shoulder, arm 
and hand muscles can be made ambula¬ 
tory ; can have such control of the 
bladder and bowels as to sleep through 
the night without either getting up or 
wetting himself; can carry out ordinary 
activities throughout the day without 
soiling himself with feces or having to 
evacuate his bladder oftener than once 
every three hours; can lead a normal 
social life and, within the limits of his 
intellectual capacity, can earn a satis¬ 
factory living. Such patients can start 
walking with healed iiressure sores and 
bedsores and, except for a small group, 
without the need for an inlying catheter 
or any substitute therefor; they have 
to use crutches and to wear, when ambu¬ 
latory, caliper walking splints which, 
however, permit them to stand or sit. 
These are the only restrictions to their 
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liMiu III! s lino social ' i iil luiMiij, 
tlic sank Liiiiiiii!; c 1] II I li it llie\ liad 
bclou III i oniini; ji n \ /i il 

One of tliG iiii|i M III kssoiis k.nncil 

lioiii Iniiilliii" |li Loiintliss c isunllios 

w .IS ilint 11 lulu III I Hull 111 11 lomlilioiiiiiir 
ii.ilh stuliil mill till lust tipalmtiil 
iiltii Imii-r Moiiiuloil, iikI tills was jiai 

tlOIllllh tllK Willi till spill 1 1 POllI 111 
PlllPs Till lllllllllllt II pitlOlll slist.lllls 

II 1)1 oKoii III I K 111 liukoi Tin s|iiuilcoiil 

III pin II suit Mia: iii pin ah sis of tlie lowi i 
exiii'iiiitii s SOM ml constitution il l.io 
fois (oiniiluiitc nn\ lliempentic efloit 
Dis.olilinir lied and inossnic soips will 
dew plop it I UP IS not pNPicispd I iiii.ai\ 
infcption, diilililim; oi ict.iincd mine 
due to n piiih/cd liladdei will c.iiisc 
wet lied tlotlies A piii.ih/ed aiiiil 
s))Iiinclpi will cause soiling ol the lipd 
1 )\ fpLOs Anemia, lixiiopiotoineima and 
cacliPMa max losult fioin in.ideqtiate 
diet,! distmlipd emotional lo.iotion and 
possible “spinal sliocK” toi tbefusl fexx 
montbs iftei injmx 

The immediate oaie of the p.itient 
xxitli s|)mal LOid inimies, of poiiisc, com 
jiiiscs tians]ioi tation to tbe ne.iiest bos 
pital Am p itient XX itb suspected spinal 
cold lesion should bo caiefnllx ioiled 
onto a sfietclioi, attempting to piexciit 
am moxements xxlncli might mciease 
tbe damage to the spinal coid Eoent 
genogiapluc examination of the x’eitc 
bial colninn is necessniw to deteiraiiie 
the bom chamago or displacement 
Ilowex ei, befoie am oxtensix e ex.amina 
tioii lb earned out, tbe associated shoek 
nmst bo ox'eiconio Tins is done bx 
application of heat and the adnnnistia 
tioii of blood and stimulants All too 
fieqnentlx a patient is taken to the 
X lax examining looin befoie cletciinin 
ing the extent of the shock and, ns in 
all eineigencx cases, the immediate eaie 
of the patient is iiioie impoitant than 


the di 1 n isis As soon ns the patient 
has IIP xcred liom shock a complete 
txaiiii 11 ion IS earned out Tins com 
puses 1 iicliil neiiiological ex.amina 
tioii ti del I inline the extent of the iiiotoi 
and s, iisDi c dx sfnnotion If tbeie aie 
cxidencc-. ot spinal coid compiession in 
the loentgenogiams and a complete 
tiaiibxcrse lesion of the coid xritli an .ib 
seiico of motion and sensation ot the 
low Cl limbs, tben a spinal pniietnie 
with mnnonietiic studies shoulcl be pei 
foiined A siibaiacbnoid block shoxxs 
fmthei compiession of the cold and 
indicates an opeiation Thoio aie some 
exceptions to this lioxxexei Fiactnie 
dislocations in the eeivical legioii 
should be reduced b) means of exteiision 
xxith a head Imiiiess oi tiaction tongs, 
and some .aiitlioiities attempt to lecluce 
finctnics in the thoiacio and hiinbai 
legions bx hxpoi extension aijd the appli 
cation of casts 

Opeiation upon the spinal coid when 
the fiactnio has ocenued in the ecixical 
icgioii should be delaxed until attempts 
at extension h.axo boon tiied Quite fic 
qiiently complete i eduction can be ac 
complished and lecox’eix fiom pai.alxsis 
be noted xxithin a few days to a xxeek 
Should no letnrii of function occiii fol 
loxriiig I eduction, then the supposition 
IS that the spinal coid has been iiiepa 
i.ablx damaged Suigeix is dolajed in 
ceixical spiii.al coid injuiies until tiae 
tion has been attempted, xxhen it may 
be used to leliexe the pressuie 

Injuiies to the thoiacic spinal coid 
aie not so common and nsnallj tbeie is 
snilicieiit dislocation of the x ertebrae to 
account for the transxeise mxehtis 
Hcie again the ciiteiia foi opeiation 
consist of the amount of dislocation, the 
lesults of attempted i eduction and the 
exidence of existing piessuie upon 
the spinal coid by means of the mano 
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in morale wliieli the patients received; 
with the more intelligent of their pa¬ 
tients, the thought of being tied to a 
catheter the rest of their lives was worse 
than being paralyzed. 

The care of the bowel is of equal im¬ 
portance, as there is a delinte paralysis 
of the sphincter resulting in either in¬ 
continence or a tendency to form fecal 
impactions. Until the bowel makes the 
adjustment, a diet high in caloric and 
vitamin content and low in residue 
should be given. This should be con¬ 
tinued at least for a few weeks, w^hile 
enemas should be given at definite inter¬ 
vals, in an attempt to train the bowel to 
regular evacuations and thus eliminate 
involuntary defecation. 

There is an interval after every spinal 
cord injury when a period of observa¬ 
tion is necessary to evaluate the amount 
of permairent damage. In working with 
casualties it was found that exercises in 
bed improved their physical condition. 
Every patient with a spinal cord injury 
must be convinced that regardless of the 
extent of his injury he will be able to 
walk, to move about in a wheel chair 
and to become independent of a bad ex¬ 
istence. A definite lift in his morale is 
accomplished if this attitude towards his 
disability is maintained by every one 
who treats him. It was noticeable in 
the wards of the service-connected hos¬ 
pitals that these cases were brought in 
with depressed spirits, listless and unco¬ 
operative in eating or in entering into 
the ward activities. After a few days 
of observing the others walking down 
the ward on crutches, wheeling to the 
bathroom, putting on and taking off 
the braces, a definite interest occni’red 
and soon tbey were asking about tbe 
physical program which wo\dd allow 
tlioni to do as the others did. The ex¬ 
ample of others was of more nse in the 
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prograni than all the talking, urging 
and persuading of the doctors, nurses, 
social workers or others engaged in 
their care. 

Once their interest had been aroused, 
they exercised, developed an appetite 
and co-operated in the. care of their 
bladder and bowels. Munro has shown 
that pressure sores and bed sores are 
likely to occur in the cases in which a 
balanced diet has not been maintained 
due to a tendenc}’’ in all these cases to 
develop an hypoproteinemia; and if the 
protein balance is maintained, the skin 
is not so inclined to break donm. He 
emphasizes the turning of the patient in 
bed and the administration of proteins 
in preventing these disabling open 
lesions on the back and hips. 

Occasionally these pressure sores 
occur in spite of all the preventive pre¬ 
cautions and remain very^ resistant to 
treatment. Plastic operations have been 
successful with the use of the sulfones 
and ijenicilliii. When the lesion is small, 
the ulcerated area can be excised and 
the skin edges undercut and approxi¬ 
mated with tension sutures, as men¬ 
tioned by White, Hudson, and Hennarcl. 
Skin flaps from the adjacent areas can 
be swung over the area, or split thick¬ 
ness grafts can be applied after the 
granulating area has been prepared and 
has become healthy and sterile. These 
procedui'es assist in the early healing 
of these lesions and speed the program 
of getting the patient into a wheel chair 
and started on his walking project. 

In the meantime the physical thera¬ 
pist can be busy, attempting to prevent 
stiffening of tbe joints and maintaining 
flexibility of the muscles and tendons. 

Ortbopedic reconstruction operations 
are rarely necessary in tbe treatment of 
traumatic paraplegia. In some instances 
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tlic spiiiL iuis l)ctu ‘•D w III (.1 In the 

iiijiin (.1 In the uii \ h hone at 

fliL Imu ol nciiieli) I I \ploiatiou 
that ^piiic tu&iou > 11 ill ilnl In tnic 
lalh stlLtttd II --lUiiL lusion mil 
‘'tuiutliin the lull is to nlloti the 
pituiU to liiM ml hu! hi.ms .md 

I I ithti jadit-- lint to sit aiul s| uid 
mthout uhlilioiial siippoit lot tht bach 

Olc I'loii iU\ a in-^kcltd cist ot jiaia- 
pkgia mil (k\Llop llexion Lonliattares 
ol the laps, Kates and ankles which need 
to bo coiiietLd btloio the patient can be 
fitted to hi aces and he nude imbiila 
toil As a iiile, howccci, those patients 
with complete paraljsis of both legs le 
quite no orthopedic opotafion Patients 
mill partial painplegia and onh paitial 
loss of niotoi power in the logs iiia) 
often 1)0 beiiofitod hr suitable iccoii 
stuiction operations Those nio usinllt 
in the nitiiie of bon% stabilizations oi 
tendon tiansplantations oi a combina 
tion of both By caiofiilly planned stir 
geu it IS often possible to itiipioie 
function gieath in the oxticmilv, and 

III some instnneos tbo operations wall 
allow tbo patient to discaid his biacc 

In tlaceid paialjsis theie is little dit 
fioulti in Keeping the muscles and ten 
dons flexible and the joints fieo fiom 
fixation, but in the cases w liei e a spastic 
paialysis is present, and especially 
wheie there are mass reflexes with legs 
drawn and maintained in the position 
of flexion and adduction, the problem 
IS more difficult Again Miinio, who 
has reported a number of successful 
attempts in treating this tjpe of com 
plication, and the Aimy and Navy bos 
pitals, whore similar procoduies have 
been carried out, present what seems 
an adequate solution to the problem 
As soon as it is established that no 
other type of conservative treatment 
will overcome the flexion deformitj, a 


lami u j 1 done and the motor com 
poiieii the spinal neiies on both 
bides 1 1 1 the eiith dorsal to the second 
saci d ii diiided iiitiadiirallj This 
immi'diaie leheios the spasticity and 
prodiiei» 1 flaccid paralj sis, and also 
allows the ippliCiition of cilipoi splints 
111 the tiaiiun„ ioi walking These 
calipoi splints have look knee joints 
which mar bo unlocked to allow knee 
flexion when tbo patient is sitting The 
majoiilj of paraplegic patients wnth 
complete paialjsis of the logs lequiie 
long (loot to giom) caliper biaces 

Before the splints are applied, how 
c\ei, the patient should be trained to 
shift his bodj about on the bed and then 
into the wheel ehnii, for in so doing he 
learns to balance himself and then can 
learn to applj the splints and swing him 
self ovci the side of the bed to stand 
upright This is a diffioiilt lesson for 
the patient to loain, but it is \oij im 
poitant Balancing on crutches is a 
difficult feat and is facilitated bv a defi 
mte piogiam to develop the muscles in 
the upper extiemities which are to beai 
the blunt of supporting the bodv on 
Clutches Much patience is needed by 
the phi sioal therapist or plij sical tiainei 
in carrying out the final step in this le 
conditioning piogram, for the actual 
getting about on ciutolies is the objoc 
tne of the piogram This will take a 
gieat deal of time and mil need a gieat 
deal of encouiagement, not onlj fiom 
the doctois, hut also from the othei 
patients who have gone through it or 
aie going tlnough the same stages 
This IS where a grim deteimination on 
the part of the patient is of tremendous 
help and is necessary if the objectii e is 
to be reached 

From tlie standpoint of physical ther¬ 
apy, patients who are to be recondi 
tioned are studied to determine the 
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moello exoiniere. Afiii de donner le 
ti’ailement necessaire a ces malades, on 
doit avoir recours a la cooperation des 
specialties suivantes: ortliopedie, clii- 
rurgie generale et plastique, psychologie, 
psy cilia trie, therapie phj’-sique et spe- 
cialiste de parole. II est de grande im¬ 
portance de soigner immediatement les 
conditions difiiciles qui snrviennent auto- 
matiquemeiit cliez ces blesses. 

On xirocedera ainsi; traitenient neuro- 
cliirurgicale xoonr remedier a la pression 
exercce snr la moelle eiiiniere et iionr 
sonlager la donlenr et la siiasticite; pro- 
cedes ortliopediques poiir corriger et 
stabiliser; pbysiotberaiiie xponr fortifier 
les muscles, les os et les articulations; 
operations nrologiqnes pour restaurer 
le controle volontaire de la vessie uri- 
narie; exainens nrologiqnes pour calculs 
et infections; operations plastiques pour 
ulcus decubitus; diMe soignee; pi'o- 
gramme pour surmonter le dommage 
psyebique. 

Les differences entre le traitenient des 
paralysies spastiques et celui des para- 
lysies flaceides sont discutees. Pour 
veussir, il est necessaire de posseder des 
connaissances speciales et d’etre pret a 
consacrer de longues beures de travail 
do la part de ceux qui soignent le malade 
et de determination de la part du malade 
de recouvrer dans la mesure du possible 
le maximum de resultats. 

RESUnEX 

Los autorcs se ballan en condiciones 
do informar, con toda autoridad, sobre 
el gran avance ox|ieriinentado por el 
tratamicnto y reacondieionamiento de 
las lieridas en la medula espinal en el 
transcurso de la guerra. A1 bablar 
-'X'^’bre el tratamicnto necesario que ha 
dc- eapacifar a los enfermos para llevar 
unu Vida rclativamente normal, plan- 
e-.iTi la nece>idad de co-ovdlnar divevsas 


especialidades, tales como la ortopedia, 
eirugia general y iilastica, psicologia, 
IDsiquiatria, terajieutica fisica y entrena- 
miento oral. 

Se xione de relieve la imiiortancia de 
un tratamiento inmediato debido a las 
condiciones que automaticaniente sobre- 
vienen de dicbas lesiones, y se sumari- 
zan, coino sigue, los iiasos necesarios 
del tratamiento: (1) Procedimientos 
neoroquirurgicos para aliviar la presion 
sobre la medula espinal j aliviar el dolor 
y la incapacidad espasmodica; (2) Orto- 
ptedia correetiva y medidas de estabili- 
zacion; (3) Practica fisioterapica para 
fortalecer los musculos, bnesos y articu- 
laciones; (4) Operaciones urologicas 
piara restaurar el control voluntario 
sobre la vejiga; (5) Exanienes urolo- 
gicos para buscar piedras e infecciones; 
(6) Opoeraciones plasticas de las llagas 
producidas por la permanencia en la 
cama; (7) Estricta atencion sobre la 
dieta y la nutrieion; (8) Y ppor ultimo, 
un programa de reeonocimiento para 
acabar con los desperfectos fisicos. 

Se apuntan las diferencias en el trata¬ 
miento de las paralisis flacidas y espas- 
modicas. Los autores hacen bicapie, 
especialmente, en que el exito de tal pro¬ 
grama de reacondieionamiento exige un 
conocimiento especial, mueba practica 
y largas boras de duro trabajo en la 
parte que se refiere al tratamiento del 
paciente, asi como la decision del en- 
fermo de bastarse a si mismo siempre 
que sea posible. 

Cboa- 

AeTopbi Moryr R,aTb aBTopHTCTHbiH R.o- 
KJiaa, o nporpecce bo BpCMa bohhh jicuchhh 

H peabHJiHTauHH npn nopajKCHHHX cnnHHO- 

ro Moara. PaccMarpuBaa ycaoBna, HyKUbie 
AJIH BOCCTauOBJieHHH SOJICC HJIH MCHCe HOp- 
MajbHOH >KH3HH 3THX dojIbHbIX, OHH UOA' 
UepKHBaiOT HeoSxORHMOCTb KOOpRHHaUHH 
pasHbix cneunaabHocrefl: opronegHuecKoft, 
o6men h naacTHHecKob xupyprun, neuxo- 
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.loriiH, ncHxnaTpiMi, (Iihsiimcckoii Tcpanmi 
It TpenupoHMi jiai.iKa 

no.x‘icpMt\Ta Ba/KtiocTf> ftCMCAwienHoro 
.icMcimn, noTOMj uto na hombc 3tii\ no* 
Dpcaxn,cmiii aWTOMaTiMtio no3intKaioT mho* 
rite Tp\;niwe >c.ioniin Ann c.icAyioiuHH 

nOpJUOk MCp nCBpO\Hp\pnHieCKHC MCpbl 

inn o6.iernenHH AaoacHirn na cnittmon voar 
H A.ia oGierneiinn Co.iii n cnacTiiniiocTii, 
opToncAiiMecKne iicnpaBintoimie n CTa6H 
.1H3Hp\J011UIC MCpbl, KDa.lIIllHlUHpOBannafl 
i[)M3nKOTepannn a.in \Kpen.icttitH Mbium, 
KocTCii H CNCTaBOB, \po.iornMccknc onc- 
pamiii A.m pecropamni KOiiTpojin MoncBo* 
ro n\3bipn, \poiornMeCKiie ncc.icAOBainin 
B03M0AII0CTII KaMHCll H niKlieMutii, Riia- 
CTHKa npoae/Micii, BiuiMaimc Kifiiaxc n nii 
Tannio It, itaKOHCU, pcaGn.iHTamioiinan 
nporpaMMa c uc.ibio npeoAOitCTb ncuxit^e* 
CKiic nonpcvKAcnitn yKasatta paaiiima b jic- 
Meiniii nn.ibiN it cnacTimccKiix napanimefi 


AOTOpbl OCOCCHHO nOAHCpKHBatOT, HTO 
ycnc\ Takoii peaGmiiTauHOHiiori nporpav- 
Mbi TpeO\t.*T cncniia.ibHoe aiiantie, KBaan- 
(t)iihamiio It AO.inie nacbi paGoTbi co cto* 
poiibi Tc\, kTo .icntiT Gojibtiux, a xatOKC h 

TBCPAJIO pClUIIMOCTb CO CTOpOIIbl CBMOrO 
Go;ibiioro ciieiaibcn nacKoabKo bo 3 MO/kho 
ca^^ocTOHTe.7bI^br^r 
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fCoHtmiictl from podc 10 ) 

do HUH jcuiignilla o joiiiiguillas dentro 
dol tuctano del Imcso niojoi que la apli- 
cacion de la cAiuda a una vena Sti pro* 
pia cxpoiiencia en el uso do la troca y 
cannla de piiHcion extoina, le lian dado 
losultados de gran exito 

Cboji 

Abtop oniicbiBacT MCTO^HKy cepiiemioro 
Maccaiaa b cayKanx Gcjioh hah cniiefi ac* 

(|)IIKCHH C OCTaHOBKOri CCpAUa Hpll oGlUCH 

auecTesnH Oh CHHTaer stot cnocoG o^Kire- 
jiCHHH nepBbiM, a lie nocacAHiiM cpcactbom 
Ha ocHOBamiH ceoero onbira oh npaxoAHT 
K saKJHOHenHfo, HTO, ccJiH MaccaiK cepAua 
npHMCHCH B nepByio MiinyTy c noaoBiiHOH 
nocjfie Toro naK cepAue npcKpaTiiAOCb 
GuTbCH, TO lUaHCbl HB BOCCTaHOBACHHC CFO 

AericTBHH ropasAO Aymue, hcm ccah GoAb* 
me BpCMCHH npoTCKAO. Oh asct TpH ycnem- 
Hfaie nocACAyiomHe cAyHan, b KOTopbix 3to 
npaBHAo Gliao npiiMeHCHo Ykoa iKeayAOH- 
Ka CACAaH B nepBbie 45 cexyHA no npcKpa- 
mcHHH cepACHHoro AeftcTBHH, H ecAH pe- 

SyAbTBTa HCT, TO HCMCAJICHHO npuMCHncTcn 
cepAe^Hbifi MBccaiK 

ripOMOKyTOK BpCMCHH B CAyMBHX UHa- 


HOBHofi acijHmcHH BBAfleTcn Goaee ajihh- 
HUM, Tak KaK M03r He Aumen KpoBii B oa- 
HOM AOAO)KeHHOM CAyHae npOMe>h^TOK 
ocTaHOBKH cepAUa Gua, no Kpaimeii Mepe, 
12 MHnyr, peayAbTax Gua ycnemHuft 
Oh TaKiKe oGcyiKAaeT ocxpufi sasoMo- 
Topabift KOAAanc ii peKOMeHAyer iiH’eKUHio 
JKHAkocTH npif noMOtun mnpHua b ko- 
CTHHOH M03r BMCCTO KaiHOAHSaUHH Beiibl 
Ero onuT b npuMeHeHHH rpyAHOKOciHoro 
TpoaKapa ii KaniOAU Glia oMCHb ycnemiiUM 
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munion between the grafts and the 
recipient sites. 

6. Physiotherapy had to be enpdoyed 
after bone grafting in order to maintain 
the physiological integrity of the ex¬ 
tremity and to realize good functional 
rehabilitation. 

The assigning of these cases to the 
plastic surgeon became expedient for 
obvious reasons: first, the extensiveness 
of the injury destroyed all the condi¬ 



tions necessary for healing, as well as 
all the elements necessary for successful 
bone grafting; secondly, because the 
orthopedic surgeon by training and ex¬ 
perience was not prepared to cope with 
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such extreme losses and distortions of 
soft tissues. 

The plastic procedures employed in 
the reraed 3 dng- of these injuries fell into 
two main groups; 

1. The free grafting of the open 
wound, to expedite healing and to make 
a closed out of an open case. (Pig. 4.) 

2. The reconstruction or reconstitu¬ 
tion of the needed soft tissues. 

Cases thus treated became a mncli 
easier nursing problem. This Avas of 
paramount imioortance due to the rela¬ 
tive shortage of nurses in the armjL 

The reconstruction or reconstitution 
of the lost tissues Avas a more difficult 
problem. It iiwolAmd the creation of 
massive grafts, too frequently’- AAdien 
other parts of the patient’s body most 
desirable for such grafts Averc also muti¬ 
lated, and the transportation and im¬ 
plantation of these compound grafts 
into the Avonnd. 

The methods emiDloymd in general 
Avere the use of the single x^edicle flap, 
sometimes referred to as the Italian 
method of rexiair, the French sliding 
flap, or the FilatoA’'-G-illies tube. 

The source of the surgeon’s training, 
experience and, sometimes, prejudice, 
determined the choice of method. Many 
plastic surgeons, stimulated by the 
apparent ease aucl efficiency^ of the single 
jDedicle flap method, AAmre tempted into 
reiDairing iiractically'- all leg defects in 
this AAmyu Others of ns veiy earty shied 
away’- from this method of repair for 
reasons to be giAmn xiresently*, and 
faA’ored the tube graft or other methods 
AAffiieh had to he modified to suit the 
exigencies of AA’ar surgery. 

As a matter of fact, therein lies the 
crux of the AAdiole matter of reioair and 
rehabilitation of a seAmrely Avounded 
extremityL These tAAm methods, the flap 
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1111(1 the tulic, arc the fouiuiation of all 
radical (liastic rciniir, \ct they are 
I)avie,ill\ t(\o entirely different t>pos of 
snr{iei\. 

It i' the [uirpose of tins paper to draw 
a coinpariMin between those two meth¬ 
ods, and to cite othcvs, in the hope that 
a sound and effective procedure may be 
generally established, in anticipation of 
such problems in civilian practice or, I 
regret to conjure, another possible war. 

Let us then coinpaio the virtues and 
shortcomings of the two methods. 
(Fig. 5.) 

As mentioned earlier, there seemed 
to be a genera! preference for the use 
of the pedicle flap because it seemed 
easier of constuvetion and management 
and was thought to give more e.xpedi- 
tiotis results. The tube graft was looked 
upon as a protracted method of repair 
which did not ultimately give any bettor 
results than the flap. 


I cannot entirely subscribe to either 
one of till- foregoing opinions. The 
number ot siirgioal innings necessary in 
the grafting of a given defect via the 
tube is foul. Tile .same invariably bolds 
true for the single pedicle flap. AVhereas 
an entire tube can be made in one stage, 
it usually takes at least two surgical 
innings, as I call tbem, to complete a 
traiisforablo flap; since delay is unavoid¬ 
able if adequate circulation to the distal 
end is to be a.ssiircd. Only (wo of the 
three sides of a flap can safely be in¬ 
cised at the first, immediately followed 
by undennining. Incision of the third 
boundary of the flap is a separate pro¬ 
cedure, Hsnally done two or three weeks 
after the first. 

True, complete immediate transfer of 
a mass of single pediiiieulated tissue can 
and lias been done often by many of us, 
but it entails considerable risk in the 
lower extremity. It most certainly can¬ 
not bo held out ns a promising routine. 
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complement for fixation can also be eluted from 
erythrocytes by heating at (12-16). 

Because antibody could not be demonstrated in 
eluates from cells sensitized in vivo or in vitro in 
the serum of case 2, the elution technique did not 
help to clarify the nature of the “cell antibody” 
detected in the direct Coombs test. 

Identification of PCH serum factor reacting with 
antiglobulin serum as PCH hemolysin 

The use of antiglobulin serum to detect and 
measure PCH antibody indicated that agglutina¬ 
tion in the indirect Coombs tests was dependent 
on the same serum factor that produced hemolysis 
in the Donath-Landsteiner reaction (4). The 
indications that this is true are summarized as 
follows: 

1) Neither Coombs antibody nor hemolysin was 
adsorbed at 10-12°C; both required 4°C for 
adsorption. 

2) Coombs antibody and hemolysin were ad¬ 
sorbed simultaneously. 

3) The titers of Coombs antibody and hemoly¬ 
sin were the same (4). 

4) Both withstood heating at 62°C for 30 

minutes. ’ 

5) There was a reciprocal relationship between 
the amount of complement present and both the 
amount of Coombs antibody fixed and the hemoly¬ 
sin tiler (4). 


6) Both, as will be indicated, are in the same 
serum fraction. 

The separation and characterisation of the PCH 
antibody 

Characterization of PCH antibody necessitated 
separation of the antibody from other serum com¬ 
ponents, The possibility existed that the patient’s 
serum might contribute CT and C'3 activity or 
an abnormal component which would complete 
the hemolytic reaction in the presence of C'2 and 
C'4. Fraction PI contained C'1,C'3, and C'4 but 
did not contain any PCH antibody (Table III). 
The precipitates formed when Fraction SI was 
dialyzed did not contain PCH antibody nor did 
they contain any of the components of comple¬ 
ment. On the basis of these studies, which showed 
that the PCH antibody was not associated with 
CT, C'3, and C'4, nor with the euglobulins which 
are insoluble between pH 5.0 and 7,0, the possible 
association of PCH antibody with C'2 or with the 
gamma globulins was next investigated. 

The precipitates II + III, IV and V were ex¬ 
amined for their PCH- antibody content (Table 
III); II + III was the only fraction which con¬ 
tained PCH antibody. II -f HI prepared in the 
manner described above did not contain any of the 
known components of complement, and it w’as 
obvious that the PCH antibody was not associ¬ 
ated with complement in human plasma. 


TABLE III 

Titration of PCH antibody in various fractions of serum 


Antibody titration 


Seruni 

fraction 

Hemolysin 

Indirect Coombs (b) 


Undiluted 

2 

4 

8 

10 

Undiluted 

i 

2 

4 

s 

16 

32 
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i 


plasma 

+ + + 

++ 

+ 

0 

0 


+ + 


0 

0 

0 

PI* 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 


0 

-f 

++ 

+ 

0 


-h-p-f- 


++ 

++ 

0 

IV* 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

V* 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

lit 

+++ 

++ 

++ 

+ 

0 




+-f+ 

-1- 

0 


+ -f- 

+ 

0 

0 

0 


+++ 

0 

0 

0 

0 

II E§ 

0 

0 

0 

0 

0 


- 0 

0 

0 

0 

0 

11 S§ 

++ 

+ 

0 

0 

0 


+ + + 

-{-+ • 

0 

0 

0 


* Fraction concentrated five times witli respect to original plasma. - 
t II+III anticomplementary in dilutions through 1-4. 
i Fraction concentrated four times with respect to original plasma. 

§ Fraction concentrated two and one-half times with respect to original plasma. 
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When II + III was separated into water sol¬ 
uble (II + IIIS) and water insoluble (II -f- 
IIIE) fractions, PCH antibody was found in 
both of these fractions. II -f- IIIS and II + 
HIE were therefore combined (II + III) and 
fractionated into II and III — 1. Practical!}' all 
of the PCH activity was found in Fraction H. 
Small amounts were found in HI — 1. Electro¬ 
phoretic analysis of Fraction H revealed that it 
was entirety homogeneous with a mobility identical 
to that of the gamma globulins. ^ 

When Fraction H was separated into water 
soluble (IIS) and water insoluble (HE) frac¬ 
tions, all of the PCH antibody was found in IIS 
indicating that this antibody is associated wdth 
water soluble gamma globulins and resembles most 
other human antibodies in this respect (9). 

Comment: It is apparent that none of the known 
components of complement are associated with 
PCH antibody. In fact, the antibody is a gamma 
globulin. 

PCH antibody in Fraction H -f HI behaved as 
though it was a euglobulin but actually showed its 
true pseudoglobulin character in Fraction?' H. 
This discrepancy may be due to interactions oc¬ 
curring between PCH antibody and other globu¬ 
lins in II -f HI, The removal of alpha and beta 
globulins allowed the antibody to exhibit its solu- 
bilit}' in water. 

While most of the PCH antibody was present 
in II, small amounts were found in III — 1. The 
gamma globulin originally present in H + HI was 
distributed in the proportion of 80 per cent in H 
and 20 per cent in III — 1. Thus, the activity 
found in III — 1 may be accounted for by the 
presence of small amounts of gamma globulin in 
this fraction. When Fraction H was separated 
into euglobulins and pseudoglobulins, all of the 
antibody activity was associated with the water 
soluble gamma globulins (IIS). Fraction IIS 
contains other antibodies as well as the PCH anti¬ 
body (9), and it is hoped that PCH antibody can 
be separated from IIS by adsorption and elution. 
The possibility still e.xists that a serum factor 
independent of complement and antibody is con¬ 
cerned in the hemolysis of paroxysmal cold he¬ 
moglobinuria. Complete elucidation of this prob¬ 
lem must await studies with pure components of 
complement and pure PCH antibody. 


SUMMARY 

Erythroc}i;es from a patient with paroxr'smal 
cold hemoglobinuria (PCH) were found to be 
agglutinable in antiglobulin serum (direct Coombs 
test). Although these er}-throcytes had been 
“semitized” in vivo, they were not hemolyzed 
when warmed with complement. The cells, how¬ 
ever, were hemolyzed, both in vivo when the pa¬ 
tient was chilled, and in vitro when they were 
chilled and warmed in PCH serum. 

The patient’s cells were no longer agglutinable 
in antiglobulin serum six hours after in vivo he¬ 
molysis. No concomitant change in either serum 
antibody or complement level was detected. Fur¬ 
ther characterization of the “cell antibody” re¬ 
sponsible for agglutination in the direct Coombs 
test was not possible since the factor could not be 
demonstrated in eluates from the patient’s erythro- 
cc'tes. 

The behavior of the abnormal antibody present 
in the sera of two patients with PCH was studied 
by using antiglobulin serum (indirect Coombs 
test) as well as the Donath-Landsteiner reaction. 
Antibody adsorbed in vitro from serum with a 
high antibody titer could be eluted from erythro¬ 
cytes by heating the cells at 56° C. 

The PCH serum factor which reacts with anti¬ 
globulin serum was identified as the PCH he¬ 
molysin. 

Fractionation of PCH serum in alcohol-water 
systems revealed that the PCH antibody is a wa¬ 
ter soluble (pseudoglobulin) gamma globulin and 
resembles most other human antibodies in this 
respect. 
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Folic acid and vitamin Bj, are involved in 
chemical reactions which lead to the formation of 
nucleic acids in living cells. These relationships 
are amply demonstrated by studies in bacterial 
(1-5), animal (6), and human (7) metabolism. 
It appears likely that folic acid is essential to the 
formation of various purines and pyrimidines such 
as thymine from endogenous sources of carbon 
and amino nitrogen as well as to the interconver¬ 
sion of these substances or of their ribosides (8). 
Vitamin B^, on the other hand, appears to be ac¬ 
tive in the formation of ribosides, such as thymi¬ 
dine, from these purines and pyrimidines. Folic 
acid and vitamin B,,, therefore, appear to be active 
at different stages of a chemical chain reaction 
which leads to the formation of nucleic acids. 

In this paper, we wish to report a method of di¬ 
rect instillation of test substances into human bone 
marrow cavities. By such a method, observations 
may be made on the effect of various substances 
to be tested on marrow cells in their natural en¬ 
vironment. By the use of this method, evidence 
has been obtained that vitamin Bj; can be utilized 
unchanged by the megaloblasts and early erj-thro- 
blasts of patients with pernicious anemia in re¬ 
lapse. On the other hand, folic acid has no such 
direct effect. Methyl green-pyronin stain applied 
to the er 3 -throblasts of patients with pernicious 
anemia in relapse before and after the instillation 
of vitamin B,. into the bone marrow indicates that 
vitamin B,. corrects a qualitative abnormality of 
the cytoplasmic ribonucleic acid of these cells. 
Folic acid has a similar effect only after oral or 
parenteral administration and is presumably acti- 

' This work was aided by a grant from the Robert 
Gould Research Foundation. 

- Read in part iKlorc the Forty-second .A,nnu3l Mcetine 
of the .Xmerican Society for Oinical Invc-tigation. .■\t- 
lantic City. N.J., May 1. 1950. 


vated by enzymatic activity elsewhere in the body. 
These data offer additional evidence relating rdta- 
min Bj 2 and folic acid to nucleic acid metabolism. 

MATERIAL AND METHODS 

Injections into the marrow cavities of the iliac crests 
of six persons with pernicious anemia in relapse were 
performed as follows; three received 1 microgram of 
crystalline vitamin and three received 1 or 2 mgs. 
of folic arid.-* In each instance, the material was in¬ 
jected slowly in 1 c.c. of solution after aspiration of 2-3 
c.c. of marrow and blood. Moderate pain accompanied 
the injection and was diminished by slowing the rate of 
instillation. Fort)--eight hours later, bone marrow was 
again aspirated from the exact site of previous instilla¬ 
tion and also from the opposite iliac crest. The site of 
instillation was easily located by using the trauma pro¬ 
duced by the earlier puncture as a landmark. In one 
case, marrow was aspirated also from sites 4 and 8 centi¬ 
meters distant from the site of instillation of the vita¬ 
min B,.. Coverslip preparations were made of each 
marrow specimen obtained and stained 1) with Wright- 
Giemsa stain for differential cell counts, 2) with methyl 
green and pyronin B (9) for demonstration of cytoplasmic 
ribonucleic acid, and 3) by a Stowcll's modification of 
the Feulgen method (10) for demonstration of desoxy¬ 
ribonucleic acid. The methyl green-pyronin stain was 
prepared by mi.xing three parts of a 1 per cent solution 
of methyl green - containing 0.25 per cent liquefied phenol 

“ The material used was "Cobione,” supplied by Merck 
and Co., Inc., Rahway, N.J., and provided in 1 c.c. am¬ 
pules containing 10 micrograms of crystalline vitamine 
B,; per cc. Appropriate dilutions were made for tins 
study with physiologic saline solution. 

‘ The material used was “Folvite,” supplied as a powder 
by the Lcderle dirision of the .American Cyanamid Con).. 
Pearl River, N.V. Solutions containing 1 or 2 mgs. of 
folic acid per c.c. were made in distilled water contain¬ 
ing sodium bicarbonate sufficient for a pH of approxi¬ 
mately 7.5. 

-Methyl green and pyronin 15 were o'ltair.e'I tr'^’m tr.e 
National .Aniline Diviejon. .Allied Chemiral and Dye 
Corp^ New York. N.Y. Trte smin) u'^-d v. >rr certintd 
by the Biological Slain Commissi'jn. 
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TABLE I 


NncUaied erylhroid cells in bone marrow before and after local iuslillation of vitamin 
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to one part of a similarly prepared solution of pyronin B.'“ 
Coverslip marrow films were stained for ten minutes 
following fixation for one minute in 95 per cent alcohol. 

Films of bone marrow from a patient with erythroid 
hyperplasia due to chronic blood loss and from a normal 
person were tieated in the same manner and served as 
controls The red color of the cytoplasm produced by 
the pyronin stain indicated the presence of ribonucleic 
acid since this coloi could not be developed following in¬ 
cubation of films for three hours at 60° C. in a 0.1 per 
cent solution of crystalline ribonuclease ® buffered with 
sodium barbital to a pH of 6 75 (11). 

RESULTS 

Effect of local marroiv instillation of vitamin 
on erythrocyte maturation: Table I is a chart of 

Ciystalline libonuclease was provided by the Worth¬ 
ington Biochemical Laboratory, Freehold, N. J. 


difTerenlial counts of nucleated cells of the ery¬ 
throid series in bone marrow from three jiaticnts 
with pernicious anemia in relapse before and after 
the instillation of vitamin Bi._, into the marrow 
cavity. Stimulation of cr}throid maturation is 
shown in all three instances by a decrease in the 
number of megaloblasts and an increase in normo¬ 
blasts in the specimens obtained 4S hours after the 
local marrow instillation of the Vitamin Bjo (see 
Figures 1 and 2). The marrow obtained from the 
opposite iliac crest was unaffected, indicating that 
the stimulation induced by vitamin Bu was local 
when the amount instilled was 1 microgram. 
However, the local marrow instillations of IS 
micrograms resulted in a systemic response. In 
the one instance that marrow was aspirated 4 and 
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Fig. 1. The Effect of Local Marrow Instillation or Vitamin B,, on Wright- 

Gie.’msa Stained iVIarrow Films 

A megaloblastic maturation arrest characteristic of pernicious anemia is seen in (A). 
A shift to a normoblastic maturation level at the injection site 4S hours after instillation 
of vitamin B,, is seen in (B). At this time, the marrow obtained from the opposite ilium 
nas identical with (A). (X320) 
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Fm 2 . M.^c.vjxir.iTio.v 
(A) Megaloblasts of pernicious anemia. 
(X 650) 


8 centimeters from the site of injection, the stimu¬ 
lating effect decreased as the distance increased. 

Effect oj local marrow instillation of folic acid 
on erythrocyte maturation: Table II is a chart of 
differential counts of nucleated er}throid cells in 
bone marrow from three patients with pernicious 
anemia in relapse before and after the local mar¬ 
row instillation of 1 or 2 mgs. of folic acid. It is 
apparent that there was no stimulation to er^'throid 
maturation at the site of injection of folic acid. 
The counts done on marrow before and after 
injection and on marrow from the opposite ilium 
are all similar. Furthermore, no change in the 
appearance of Wright-Giemsa stained marrow 
films was noted after instillation of folic acid into 
the marrow cavity. 

Effect of local marroxa instillation of z'itamin 
and folic acid on the nucleic acid content of 
cryihroid cells: The character and distribution of 



or CrLLS rrOM Ficl'jre ] 

(B) Normoblasts. Wright-Giemsa stain. 


ribonucleic acid in the cytoplasm of young erj-- 
throid cells were observed in methyl green-pyronin 
stained preparations of bone marrow from a pa¬ 
tient with er^Throid hyperplasia resulting from 
anemia of chronic blood loss. Study of such a 
preparation (Figure 3) reveals a diffuse and 
homogeneous distribution of the red granules 
throughout the cytoplasm of the early erythro- 
blasts. In the later forms, they seem to become 
more condensed and clumped. Finally, during 
the normoblastic stage of the development of the 
erj-throcyte, the red color, indicating cytoplasmic 
ribonucleic acid, disappears altogether. 

Methyl green-pyronin stained marrow prepara¬ 
tions from patients with pernicious anemia in re¬ 
lapse, one of which is presented in Figure 4-.A. 
show that the distribution of the cytoplasmic ribo¬ 
nucleic acid is quite different in this disease. In 
these preparations, there is condensation anfi 
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Kudeated crylhrotd cells in bone marroir before and afler local instillalwn of folic acid 
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Fig 3 A Film or Marrow from a Patient with 
Chronic Blood Loss Anemia Stained with Methyl 
Green and Pyronin B 

Cytoplasmic ribonucleic acid stains red; nuclear striiC' 
tures stain green a = early erythroblast; b = late eryth- 
roblast; c = normoblast. (X 650) 


clumping of the red granules in the cytoplasm of 
the young cells of the erythroid series. In simi¬ 
larly stained marrow smears (Figure 4-B) after 
local marrow instillation of vitamin Bjo, there 
is a change in the appearance of the cytoplasmic 
ribonucleic acid of these early erythroid cells. It 
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Fig 4 The EprEcT of Local Marrow Instillation 
01- Vitamin B,. on Methyl Green-Pykonin B Stained 
Marrow Films 

In (A) arrow points to carl}' erythroblast in marrow 
from patient with pernicious anemia in relapse In (B) 
arrow points to early erythroblast in marrow’ obtained 
48 hours later from the injection site of vitamin B,- 
(X 650) (’ 


becomes more dilTuse and homogeneous; and, in 
general, it as.sumes the characteristics of that ob¬ 
served in early erythrolilasts from a patient with 
anemia due to chronic blood loss. 

No change in the clumped cytoplasmic ribo¬ 
nucleic acid was noted 48 hours after the local 
marrow instillation of folic acid. Plowever, wlien 
folic acid was given orally or intramuscularly in 
therajieutic doses, the cytoplasmic ribonucleic acid 
became homogeneous and of more normal ap¬ 
pearance. 

The appearance of desoxyribonucleic acid 
stained by Stowell’s modification of the Fculgen 
method was not altered in the pre])arations ob¬ 
tained after the instillation either of vitamin B,; 
or of folic acid. Furthermore, the deso.xyribo- 
nucleic acid in erylhroblasts from persons with 
pernicious anemia in relapse had the same appear¬ 
ance as that from a person with anemia of chronic 
blood loss. 


DISCUSSION 

The normal maturation of crythroblasts in the 
bone marrow of persons with pernicious anemia 
in relapse observed at the site of instillation of 
vitamin Bj, but not in marrow from the opposite 
ilium demonstrates that vitamin B,j can be utilized 
directly by bone marrow cells without alteration 
by any other organ or tissue. Therefore, if vita¬ 
min Bj 2 and e.xtrinsic factor of food are the same 
substance, as seems probable, this experiment 
provides direct evidence that extrinsic factor need 
not be chemically changed b}’ intrinsic factor or b\ 
the liver before becoming active for erythrocyte 
maturation. This, of course, is not a ne\v con¬ 
cept. Studies of Berk and his associates (12) on 
hematologic responses in persons wdth pernicious 
anemia, who received vitamin Bj, and refined 
liver extract orally along with normal human 
gastric juice, suggest that vitamin B,, (presum¬ 
ably extrinsic factor of food) and the antipernicious 
anemia principle of liver are identical or closely 
related compounds. After observing the magni¬ 
tude of fecal elimination of vitamin Bjo in pa¬ 
tients with untreated pernicious anemia and the 
hematologic responses in similar patients ob¬ 
tained by the administration of 10 per cent alco¬ 
holic extracts of beef muscle, they concluded that 
“. . . the function of the intrinsic factor of normal 
human gastric juice is to facilitate the absorption 
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by the intestine of vitamin Bj, . - . rather than 
to react with the extrinsic factor as hitherto 
assumed.” 

On the other hand, in our experiment, folic acid 
was not utilized unchanged within 48 hours after 
instillation of the substance into the marrow cavity. 
Observations by others provide further data that 
folic acid, acting as a substrate, in some way must 
be altered before becoming active in hematopoiesis. 
Norris and Majnarich have reported that folic 
acid has no effect on hematopoiesis as observed by 
an hi vitro rabbit bone marrow culture technique 
(13). However, after this substance was incu¬ 
bated with milk xanthine oxidase, liver homoge¬ 
nate, or extract of rat gastric mucosa, it became 
hematopoietically active as demonstrated by this 
method (14). Tove and Elvejhem (15) have re¬ 
ported the presence of a substance in methanol ex¬ 
tract of liver which has a sparing effect on folic 
acid in the metabolism of mink. Furthermore, this 
substance protected these animals from folic acjcl 
deficiency produced by feeding them 7-methyI 
folic acid. 

Further stimulation to the study of the mode 
of action of folic acid in hematopoiesis was pro¬ 
vided by the concentration by Sauberlich (16) of 
a substance in rat urine which is a growth factor 
for Leucouostoc citrovorum 8081. Studies on 
this factor, termed the “citrovorum factor.” have 
demonstrated that 1 ) the urinaiv" excretion of the 
substance is increased by oral administration of 
folic acid both in rats (17) and in human beings 
(17,18), and 2) the substance counteracts the 
toxicity of aminopterin as measured by growth of 
L. citrovorum (17). Data are not yet available 
on the hematopoietic activity of this substance in 
erythrocyte maturation factor deficiency anemia. 
Preliminarj’ studies in this laboratoiy indicate that 
the local marrow instillation of four million units 
of "dtrovorum factor” does not result in stimula¬ 
tion of erythrocyte maturation in persons with 
pernicious anemia in relapse. 

The changes observed in the cytoplasmic ribo¬ 
nucleic acid of erythroid precursor cells in mar¬ 
row from subjects with pernicious anemia in re¬ 
lapse as compared with those from persons ^%•ith 
anemia of chronic blood loss provide data linking 
eiythrocytc maturation factor deficiency anemia 
to abnormalities in nucleoprotein metalrolism. 
Thorell, in 1947 (19). correlated, by ctyochemical 


and ultraviolet microphotographic studies, endo- 
cellular growth process in hematopoiesis with the 
presence of ribonucleic acid in the granulocytic and 
erythroid precursor cells in bone marrow. 
Briefly, he found that growth and new cellular pro¬ 
tein formation during hematopoiesis are associ¬ 
ated with high concentrations of ribonucleic acid 
in the cjtoplasm and the nucleolus of these cells; 
as growth activity declines, the concentrations of 
ribonucleic acid decrease proportionatelv. In nor¬ 
mal erjthropoiesis, hemoglobin synthesis does not 
begin until the ribonucleic acid metabolism is 
completed; after this, the synthesis of hemoglobin 
proceeds rapid!}-. In pernicious anemia, there is 
an abnormality in these relationships of growth 
and differentiation; in this disease, hemoglobin 
synthesis begins while the ribose polynucleotide 
content of the cell is still high. The apparent cor¬ 
rection of this abnormality- observed in our study 
after the local marrow- instillation of vitamin B,; 
provides additional data linking vitamin B,» and 
nucleoprotein metabolism. 

SUMMARY AND CONCLUSIONS 

1. A method of direct instillation of test sub¬ 
stances into human bone marrow cavities is de¬ 
scribed. 

2. \Ttamin B,, can be utilized locally by the 
bone marrow- cells and corrects a qualitative ab¬ 
normality in cellular ribonucleic acid in persons 
w-ith pernicious anemia in relapse. It need not be 
altered by stomach or liver to exert this effect. 

3. Folic acid is not utilized locally by bone mar¬ 
row cells w-ithin 48 hours of instillation into the 
marrow- cavity: but w-hen given orally or parenter- 
ally. it has the same c}-to!ogic and C}-tochemicaI 
effects as vitamin Bj-. It is probable that folic acid 
must be converted to an active hematopoietic sub¬ 
stance by enzymatic activity elsewhere in the 
body. 
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Available evidence suggests that the sensa¬ 
tion of itching is closely related to that of pain 
(1). Titchener (2) observed that when the skin 
was explored with a fine hair, well-defined points 
were found which gave rise to itching wh,en the in¬ 
tensity of stimulation was low, and to pain on 
stronger stimulation. Bishop (3) found that itch¬ 
ing resulted from repetitive fow intensify efectnad 
stimulation of pain spots in the skin. Lewis, Grant 
and Marvin (4) pointed out that noxious stimuli, 
if.their intensity be decreased, can be made to 
produce itching instead of pain. Forster (5) and 
Bickford (6) reported that in patients who had 
undergone section of the lateral spinothalamic 
tracts, thus abolishing perception of cutaneous 
pain but not of touch, itch was also abolished. 
Bickford also observed this combination of sensory 
changes in two patients with syringomyeliii. 
Ehrenwald and Konigstein (7), however, stated 
that they had found tw'O cases of syringomyelia 
with loss of pain but preservation of touch and itch, 
and one in which pain was intact but touch and 
itch absent. McMurray (8) and Kunkle and 
CLapman (9) found that individuals who were 
constitutionally insensitive to pain were likewise 
insensitive to itching, but they experienced touch 
sensation. Bickford observed that itching and 
pain disappeared at the same time when a cu¬ 
taneous nerve was anesthetized. Hardy, Wolff 
and Goodell (10) observed that in addition to feel¬ 
ings of warmth, occasional itching resulted from 
sustained thermal irradiation at an intensity not 
quite strong enough to induce pain. Thole (H) 
found during spinal anaesthesia, as the sensitivity 
of the skin to painful stimuli decreased, that stimuli 
which initially induced pain later induced itching 
and finally no sensation at all. 

In the present investigation many of the ex¬ 
periments described by Goldscheider (12), Bick¬ 
ford,^ and Lewis and associates have been repeated. 
Additional experiments were designed to illumi¬ 


nate further the neural mechanisms involved in 
itch, “itchy skin” and tickle sensation. 

ITCH 

Subjects and methods 

The subjects were healthy adults, chiefly the authors, 
although other individuals participated from time to time. 
Itching was elicited by the application of cowhage to an 
area of skin approximately 1 cm, in diameter. Cowhage 
is the familiar “itch powder,” consisting of the fine fibers 
or spicules of the plant Mucuna pruriens. It was found 
by trial that the itch so produced was indistinguishable 
from that following the bites of mosquitoes, or the intra- 
cutaneous injection of histamine. When an area of skin 
on the arm, hand, leg or back was used for experimental 
procedures the corresponding areas on the opposite side 
of the body served as control. 

Description of sensation induced jollozving ap¬ 
plication of cowhage to the skin 

Cowhage applied to an area of skin approxi¬ 
mately 1 cm. in diameter induced, usually within 
10-20 seconds, an intense itching sensation which 
had both burning and pricking qualities. It was 
localized but seemed to spread for a few millimeters 
beyond the borders of the stimulated area. These 
itch sensations sometimes merged into pain of a 
burning and pricking quality. The skin under the 
cowhage rapidly became red, and a flare sometimes 
spread into adjacent areas of skin. When the 
area involved was the volar surface of the forearm, 
the flare spread as far as 2 cm. proximally and 
distally and approximately % to 1 cm. laterally. 
Within a few minutes after application of the 
cowhage, the skin several centimeters proximally 
and distally around the itching area became hypo- 
algesic to pin prick, and around the edge of this 
zone was a narrow band of hyperalgesia to pin 
prick, approximately % cm. wide. The itching 
from cowhage spontaneously diminished after a 
few minutes and did not return until the cowlmge 
was mechanically agitated; or until it '.vas rc- 
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vived by stroking the surrounding skin with the 
finger tip or a blunt object. 

When the cowhage applied to the skin produced 
an intense itching, the sensation sometimes eventu¬ 
ally became indistinguishable from pain. Further¬ 
more, occasionally cowhage on normal skin and 
in areas of primary or secondary hyperalgesia in¬ 
duced pain alone. Also, as mentioned above, a 
heat stimulus at an intensity just below that suffi¬ 
cient to elicit pain, elicited itching. 

Peripheral Fiber Pathways Involved in Itch 
Sensation 

It has been demonstrated that stimulation of 
the human skin with a pin may give rise to two 
kinds of painful sensation. The first pain to be 
perceived after the application of the pin is de¬ 
scribed as “pricking” and is punctate, superficial 
and well localized. This has been referred to as 
“first” or “fast” pain. There is also a second, dif¬ 
ferent type of pain, described as “burning,” which 
is perceived as more diffuse and less superficial 
than the “pricking” pain. Since this “burning” 
pain is perceived after a slightly but definitely 
longer latent period than the “pricking” pain, it 
has been referred to as “second” or “slow” pain 
(13, 14). Although Lewis denied that these ex¬ 
periences constituted different qualities of cutane¬ 
ous pain, others have recognized the qualitative 
difference. Most individuals can readily distin¬ 
guish between the “pricking” and “burning” in 
cutaneous pain (15), especially if they are sepa¬ 
rately presented by the experimental methods de¬ 
scribed below. 

The work of both Lewis and co-workers and 
Gasser and co-workers suggests that the “fast” 
pain is a function of myelinated fibers, the “slow” 
pain of unmyelinated ones (14), 

Experiment 1. Demonstration of an itching sensation 

with Pricking quality 

In three subjects procaine hydrochloride 1% was in¬ 
filtrated about a cutaneous nerve on the ventral aspect 
of the forearm. Within a few minutes there developed 
distal to the site of infiltration an area in which pin 
prick elicited only a sharp, superficial, well-localized pain 
of short latency—the “first” pain. The slower, diffuse 
and burning “second" pain was not felt. 

Within this area of altered sensibility cowhage elicited 
itching which was sharp, pricking, superficial, and readily 
localized. There was no burning component. In areas 
where there was complete absence of pain sensitivity, but 
where light touch was still present, itching was not felt. 


Experiment 2. Demonstration of itching sensation with 

a burning quality 

a) In a scries of six experiments on four subjects 
ischemia of the forearm was obtained by a pressure of 
200 mm, Hg maintained around the upper arm by means 
of a sphygmomanometer cuff. After about 20 minutes of 
ischemia in the arm, a pin prick applied to the fingers 
and the hand elicited pain of long latency which was 
poorly localized, and burning in character. The "first” 
pain was absent, as was light touch. 

Within these areas of altered sensibility the applica¬ 
tion of cowhage on a site approximately 1 cm. in diameter 
on the back of the hand resulted in itching which was 
different from that obtained in Experiment 1, in that it 
was diffuse and poorly localized, seemed to be a little 
distance beneath the surface of the skin, and was “burn¬ 
ing” in quality. 

However, in more proximal areas of the ischemic fore¬ 
arm, closer to the occluding cuff, where normal pain and 
touch sensation were retained, cowhage produced itching 
no different from that in skin of the opposite arm with 
blood and nerve supply intact. 

b) The course of a branch of a superficial cutaneous 
nerve in tire forearm was mapped through a distance of 
4-6 cm. by means of faradic stimulation in two subjects. 
A soft lead tubing was applied over tlie nerve and held in 
place by tapes. Brine at a temperature of — 2° to — 4° C 
was circulated through it for 30 minutes, resulting in the 
progressive anesthetization of the area supplied by the 
nerve (16). 

After 30 minutes, within this area of altered sensation 
"second” pain could be elicited by a pin point but “first” 
pain and light touch were absent. In tliese areas '‘burn¬ 
ing” itch could be elicited by cowhage but not "pricking” 
itch. 

Comment 

It was thus possible to separate the usual itch 
sensation, as it occurs after insect bites or the ap¬ 
plication of cowhage, into two components. These 
corresponded in quality to the two types of cutane¬ 
ous pain, and the results of differential blocking of 
cutaneous nerves indicate that they are mediated 
by different fibers. It is suggested that “pricking” 
itch is carried by the myelinated fibers responsible 
for “first” pain, and that “burning” itch is carried 
by unmyelinated fibers responsible for the “second” 
pain. Since either kind of itch could occur in skin 
in which touch perception was absent, it seems 
probable that touch receptors and nerves are not 
involved in the perception of itching. 

It might be objected that the sensory changes 
following obstruction of the circulation are due to 
interference of fluid movement which might modify 
the function of sensory end organs, rather than to 
any functional change in the nerves themselves. 
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Against this assumption is the evidence that nor¬ 
mal sensation was retained in skin close to the oc¬ 
cluding cuff, but still distal to the obstruction, 
where fluid movement was as much interfered 
with as in the more distal areas where sensory 
changes did occur. 

It is not difficult, once the two sensory compo¬ 
nents of itching have been separately perceived, to 
identify them in spontaneously occurring itches or 
in itch induced by a heat stimulus, by intracutane- 
ous puncture of histamine or by exposing the arm 
to multiple mosquito bites. ^ 

Since the sensations of itching and pain are ap¬ 
parently mediated by the same fiber pathways an 
attempt was made to ascertain in what way a 
stimulus which produces itching differs from one 
which produces pain. Hence, experiments to test 
the thesis that the stimuli are of the same kind but 
of lower intensity were designed. 

Experiment 3. Demonstration of lowered pain threshold 
in itching areas 

Several areas of skin of the volar surface of the fore¬ 
arm were blackened with India ink, as shown in Figure 1. 
Pain thresholds in all areas were measured by the thermal 
radiation method of Hardy, Wolff and Goodell (17). 
Cowhage was applied to the central area in the usual way. 
Pain thresholds were then measured repeatedly both when 
itching was present and in the intervals when it had spon¬ 
taneously but temporarily ceased. 

It was found that the pain threshold in all five areas 
was the same before cowhage was applied (190 5 mil- 

licalories/sec/cm.’). After itching started in the cen- 



Fig. 1. Lowering or the Pain Threshold in an Area 
OF Itching Skin 

Cowhage was applied only to area 1. ^^'hc^ itching 
occurred pain threshold was lowered in area 1, but not 
in adjacent areas 2, 3, 4, and 5. 



Fig. 2 

Itching induced on the back by cowhage was abolished 
by painful pin pricks in the same dermatome on the an¬ 
terior chest wall. 

tral area, however, the threshold in this zone was lowered 
(120 to 160 mc./sec./cm?), the lowest thresholds being 
found at the times of highest itch intensity. When itch¬ 
ing temporarily ceased, the threshold returned to its ini¬ 
tial level, and was lowered again on the resumption of 
itching. In the other areas the threshold remained con¬ 
stant or was slightly elevated to 210 10 mc./stc./cm/ 

when the central area was itching. These observations 
were made in three scries of experiments in each of two 
subjects. The application of the heat stimulus to the 
central area in itch free internals was usually followed by 
recrudescence of the itching. 

Comment 

These observations are consistent with the •v'iew 

•O 

that stimuli which give rise to itching activate pain 
endings in the skin at a stimulation intensity* be¬ 
low the pain threshold. Less additionaLthermal 
energy is therefore required to produce definite 
pain sensation if itching is already occurring. 
Hence the pain threshold as measured is lowered. 

Alterations in Central Excitatory Processes Rele¬ 
vant to Itching 

Experiment 4. Demonstration that itch car. be abolished 
by painful pin pricks in adjacent shin 

It was found in 20 subjects that when itching occurred 
spontaneously or when it was induced by cowhage, a pin 
pricked lightly several times in the zone of itching on 
the surrounding sfa'n abolished the itching sometimes for 
long intervals. It urually returned after periods up to 
several minutes in duration, although the ilirht pain 
from the prick had completely faded within 10 to 15 
seconds. This has been ob'ervtd net only with itching 
due to cowhage, but also in the itching resulting f.-cm 
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ZONES IN WHICH PRICKING 
ABOLISHES 
ITCH 



Fig. 3. Zones in which Painful Pin Pricks Abol¬ 
ished Itching Induced by Cowhage on the Medial 
Aspect of the Forearm 

Sites of cowhage application are indicated by stippling. 
The zones were surrounded by a narrow band, as indi¬ 
cated, of hyperalgesia. 

insect bites, intracutaneous histamine puncture and in- 
tracutaneous foreign protein. 

Pin prick applied not only locally but at considerable 
distance from the zone of itching abolished itching. 
With three subjects it was found that, if the cowhage 
was applied to the back, pin prick near the sternum in the 
same dermatome as the cowhage (Figure 2) was fully 
effective in eliminating itch. 

In two subjects an attempt to delimit exactly the area 
within which pin prick abolished itching on the forearm 
was undertaken. Cowhage was applied at approximately 
the mid portion of the medial aspect of the forearm. After 
application of the cowhage the size of the area within 
which this effect could be demonstrated gradually in¬ 
creased and reached the eventual limit in about one hour 
following the beginning of itch. At this time the area 
measured approximately 5 X 15 cm. Figure 3 illustrates 
the area as mapped on the forearm of one subject on 
whom cowhage was applied as shown. It was essentially 
the same for the second subject. 

After the mapping had been completed, cowhage was 
applied at the distal end of the area. The effect of pin 
prick was again tested, and it was found that the area 
within which it abolished itching was approximately the 
same as in tlie first instance, extending only 1-2 cm. fur¬ 
ther distally. Around -this zone was a band of hyper¬ 
algesia to pin prick about 4 mm. wide. 

A similar experiment was carried out on the legs of 
tliree subjects (Figure 4). The cowhage was applied 
just below the knee on the outer aspect of the left leg. 
Again there was an area within which the pin prick was 


effective in abolishing itch. After 60 minutes the area 
extended 7 cm. proximally and 24 cm. distally to the itch¬ 
ing spot. On the leg, also, there was only slight difference 
in the area of effectiveness of the pin prick if the cowhage 
was shifted to another point within this area. A narrow 
band of hyperalgesia also surrounded this zone on the 
leg. 

Comment 

Scratching is known to relieve itch. It has been 
held (1) that the relief so obtained resulted from 
replacement of the itch with frank pain. In the 
above observations the painful stimulus of the pin 
prick was not only brief but also far removed, as 
much as 24 cm. on the leg or back from the itching 
area, yet the itching sensation could thus be ob¬ 
literated. Furthermore, the itch did not return 
until some time after the pain from the prick had 
subsided. 

These observations seem most readily explic¬ 
able mainly in terms of central rather than periph¬ 
eral processes, as will be discussed below. The 
areas mapped on the forearm fall within the limit 
of the first thoracic dermatome; those on the leg 
correspond closely to L-4 or L-5 as determined by 
Forster (5). 

Experiment 5. Demonstration that a zone of secondary 

hyperalgesia is “anti-pruritic" 

A superficial branch of a cutaneous nerve on the 
volar surface of the forearm was located by means of 



Fig. 4. Zone on the Leg in which Painful Pin 
Prick Abolished Itching Induced by Cowhage 
The inner line indicates the extent of the zone after 
IS minutes of itching; the outer border is its extent at 
the end of an hour. Sites of cowhage application are 
indicated by stippling. The zone was surrounded by a 
narrow band of hyperalgesia. 
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faradic current, and then was painfully stimulated for two 
minutes. Following this procedure there was established 
within 20 minutes, in the surrounding skin a zone <?f 
“secondary hyperalgesia.” In this zone of hyperalgesjc 
skin the pain threshold as ascertained by the thenn^ 
radiation method was not lowered (10) but stimuli S-t 
threshold or above were perceived as more painful and 
longer lasting than stimuli of equal intensity in the sur¬ 
rounding skin. 

Cowhage was applied in such an area of secondary hy¬ 
peralgesia in four subjects in 11 observations. It evoked 
either occasional bursts of pain or no sensation at all, 
but not itching. 

The secondary hyperalgesia was abolished in two suf)- 
jects by infiltrating procaine at the site of injury by 
faradization and by vigorous pin pricks in a zone within 
1-2 cm. around the point of faradization, Cowhage was 
again applied and itching now occurred as it did in control 
areas on the other arm. 

In 12 other experiments on two subjects, areas of sec¬ 
ondary hyperalgesia were induced by painfully pinching 
with forceps a small fold of skin on the volar surface of 
the forearm. Approximately 10 minutes after the pinch, 
when the secondary hyperalgesia was well developed, 
cowhage when applied failed to elicit itching. When the 
cowhage was pressed into the skin, a maneuver which in¬ 
tensifies itching in control non-hyperalgesic skin, prick¬ 
ing pain was experienced, but itch did not ensue. 

Comment 

Lewis, Grant and Marvin (4) observed that 
faradic stimulation of a cutaneous nerve was fol¬ 
lowed by a state in adjacent skin in which itching 
did not occur after intracutaneous histamine punc¬ 
ture. Bickford (6) called this state “anti-pruritic” 
and found that it also occurred after other forms of 
noxious stimulation, such as a sharp blow, a gnat 
bite, bum or freeze. These authors, however, did 
not investigate the relation of hyperalgesia to the 
anti-pruritic state. 

The observations on the effect of pin prick in 
abolishing itch, and on the failure of itching to oc¬ 
cur in areas of secondary hyperalgesia, seem to 
indicate the existence of events of a special soft 
in the central nervous system. Similarity of the 
size and shape of the affected areas to the derma¬ 
tome suggests that the spinal cord is the site of such 
processes. Bickford also concluded that the “anti¬ 
pruritic” state must depend on some spinal cord 
mechanism. 

Discussion 

It has been held (1)' that itching is a “prot<>- 
pathic,” as opposed to an “epicritic” sensation. 
In these tcrais, the “first” itch might be considered 


epicritic, since it is readily localized, the second 
as protopathic since it is more diffuse. It is not 
clear, however, that any useful purpose is sensed 
by retaining this terminology. 

The use of cowh^e as a stimulus has been 
criticized on the grounds that the itching which 
results is impure (6). Histamine has therefore 
often been employed, but it was found that the itch¬ 
ing which resulted was not nearly so intense as 
that produced bj' cowhage, and seemed to be chiefly 
of the “second” type. The “impurity” of the 
cowhage-provoked itching may well be simply the 
result of the simultaneous presence of both types 
of itch. 

The objection might be raised that one of the 
two lands of itc’n described above was not really 
itch, but was, instead, pain. The ultimate appeal 
in such a case must be to the introspection of the 
person experiencing the sensation, and the sub¬ 
jects in this investigation agreed that there were 
t^vo kindred but distinguishable sensations which 
were both felt as “itch.” They had in common 
their association with an urge to scratch the in¬ 
volved skin. Brack (18) also referred to two qual¬ 
itatively different itch experiences. 

It seems likely, in view of all the available data, 
that stimuli which produce itching initiate impulses 
which, after traversing the peripheral pain nerv’es, 
pass up the spinothalamic tracts of the cord. Since 
painful stimuli in general can be made to produce 
itching by lowering their intensity, it is reasonable 
to suppose that the difference bet%veen a painful 
and an itch-producing stimulus is one of intensity. 
The reduction in the pain threshold at times when 
itching is being experienced is further evidence in 
support of this view. The probable reason for the 
lowered threshold is that the peripheral pain 
endings are already partially activated by the 
cowhage, so that the radiant energv' which must be 
applied to give pain is less than that necessary’ if 
they have not been stimulated at all. 

Potelunas, Meixner and Hardy (19) reported 
that there was no consistent difference in the cu¬ 
taneous pain thresholds of patients with itching 
dermatoses as opposed to healthy individuals. As 
they pointed out, however, structural changes such 
as thickening had often occurred in the diseased 
skin, with consequent alterations in pain sensi¬ 
tivity. AH of the observations in the present in¬ 
vestigations have l)ecn made on skin of subjects 
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Fig. 5. Suggested Arrangement of Circuits in In- 

TERNUNCIAL NeURONS RESPONSIBLE FOR ItCHING 
Painful pin prick presumably breaks up the circuits. 

without skin disorders, and without alteration of 
any sort except by the test procedures themselves. 
It must be emphasized that the threshold was found 
to be lowered only when the skin was itching. 

One thesis which will explain all the findings is 
that the perception of itching depends on the pres¬ 
ence in the cord of a circuit of internuncial neurons, 
analogous to those described by Lorente de No 
(20), around which impulses are constantly travel¬ 
ling. According to the hypothesis the establish¬ 
ment of such a circuit is the result of the low dis¬ 
charge frequency in a peripheral nerve which is 
weakly stimulated. As the circuit is traversed, 
discharge to spinothalamic neurons occurs, and 
hence impulses in the spinothalamic tract are sent 
upward to the brain in an orderly pattern (Figure 
5). We suppose that the presence of this pattern 
of discharge in the brain is a necessary condition 
for the perception of itching. It is of interest that 
recently one subject following frontal lobotomy 
had an unaltered appreciation of itch, tickle and 
“itchy skin.” 

Such a circuit of excitation in an internuncial 
system of neurons would, of course, require a 
rather delicate adjustment of impulse frequencies 
and refractory periods. A pin prick in the derma¬ 
tome in which itch is arising would, it is assumed, 
bring about a diffuse discharge in the correspond¬ 
ing cord segment, ramifying along many of the in- 
temuncial neurons involved in the Jtch circuit. 
The orderly pattern would therefore be tempo¬ 
rarily destroyed, and itching halted. It would 


presumably require an appreciable time for it to be 
re-established, a time represented by the interval 
after pin pricking before itching is again perceived. 

Hardy, Wolff and Goodell (10) have con¬ 
cluded that secondary hyperalgesia in the skin 
adjacent to a source of noxious impulses, results 
from the presence of an augmented central excita¬ 
tory state in internuncial neurons. Such a state 
is indicated by the stipplings in Figure 6. It pre¬ 
sumably acts to facilitate the passage of impulses 
at synapses. When cowhage is applied to skin in 
which such hyperalgesia is present, it may be sup¬ 
posed that the resulting impulses cannot set up 
the usual orderly circuits in the cord which re¬ 
sult in itch sensation. The occasional burst of 
impulses elicited by the cowhage which is intense 
enough to cross the pain threshold of the pathway 
involved brings about a widespread discharge of 
the excitatory state and pain alone is experienced. 

Such an explanation may outrun the data cur¬ 
rently available about events in the human spinal 
cord, but on the other hand it does not do violence 
to any of the known facts of neural activity. The 
“all-or-none” law of impulse size in single nerve 
fibers does not come into question in this connec¬ 
tion since differences in stimulus intensity, ex¬ 
perienced as graded intensities and qualities of 
sensation, are generally considered to be reflected 
in differences in impulse frequencies in peripheral 
nerve fibers. 



Fig. 6. Inhibition of Itching in Area of Secondary 
Hyperalgesia 

The stippling represents the excitatory state of inter¬ 
nuncial synapses which is responsible for the hyperalgesia 
and which prevents the formation of circuits necessary for 
itching. 
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itchy skin 

Lews, Grant and Marr'in (4) noted that spon¬ 
taneous itching is an accompaniment of nearly all 
forms of skin damage, provided that the damage is 
relatively slight in amount. Bickford (6) further 
noted that itchy skin surrounds such skin damage. 
He described “itchy” skin as that which gives rise 
to an itching sensation when the skin is stroked 
with the finger, or a blunt object He e.xtensive}y 
investigated and described the phenomenon of 
“itchy skin” associated with the itch induced by 
intracutaneous histamine puncture and noted its 
close relationship to tickle. Goldscheider (12) de¬ 
scribed the occurrence of itching and "itchy skin” 
in the palm of the hand accompanying pinching of 
the web between ttvo fingers. In the following in¬ 
vestigations various modifications of both Gold- 
scheider's and Bickford’s experiments have been 
made in an attempt to illuminate further the 
mechanism of this phenomenon. 

Experiment 6. Demonstration of "itchy skin" and hypo- 
algesia adjacent to a focus of itching 

Cowhage was applied to a small (1 cm. in diameter) 
area of sldn on the volar surface of the forearm in vari¬ 
ous locations. It was found by trial that when it was 
placed on the wrist near the hand, or somewhat toward 
the medial aspect of the arm, the phenomenon of "itchy 
skfn” could best be elicited. When the itch had become 
intense, usually within 30 to 60 seconds after application 
of the cowhagc, stroking of the adjacent sldn v/ith the tip 
of a finger frequently induced an itchy sensation and more 
frequently intensified the primary itch. This zone ex¬ 
tended approximately 2-3 cm. proximally, 1-3 cm. distally 
and 1-2 cm. laterally. Indeed, when the primary itch 
had entirely subsided, stroking the surrounding sldn often 
revived it. Pin pricks in this surrounding "itchy sldn” 
zone were dulled, but there was a narrow zone of hy¬ 
peralgesia entirely surrounding it, where pin prick was 
experienced as sharper than in control sldn. With the 
passage of time (30 to 60 minutes) after a long-lasting 
and intense itch, hyperalgesia was noted to have displace*! 
the hypoalgesia and to extend 5 to 10 cm. proximally and 
3 to 6 cm. distally. Such hyperalgesia after an intense 
itch sometimes persisted for several hours. 

Experiment 7. Demonstration that the skin about a site 
of noxious slinjiilolion is “itchy" until the development 
of secondary hyperalgesia 

In 12 experiments on three subjects a small fold of 
skin on the volar surface of the forearm vx ^5 painfully 
pinched by forceps for two to eight minutes. The follow¬ 
ing description of the observations in an experiment in 
one subject is characteristic of all of this series (Figure 
/). Pin pricks in a 1 cm. wide rone surrounding the 


pinch during the first 15 seconds intensified the pain of 
the pinch and there was hyperalgesia, immediately sur¬ 
rounding the pinch. Within the first minute a wider 
zone of hypoalgesia to pin prick had developed and ex¬ 
tended for 3 cm. proximal and distal to the pinch. In 
this zone stroking with the finger induced an itchy sen¬ 
sation which was indistinguishable from intense tickle, and 
itch was readily induced by cowhage. Surrounding this 
zone there was a narrow band of secondarj" hj'peral- 
gesia in which itch could not be induced either by stroking 
or by cowhage. In four minutes the hypoalgesic zone 
extended 3 cm. distally and 5 cm. proximally from the 
pinch. 

It was repeatedly noted that pin pricks within the 
hypoalgesic zone, although they felt less sharp, accentu¬ 
ated the pain from the pinch. Furthermore, the pain 
elicited by the forceps gradually diminished. In the fifth, 
sixth, and seventh minutes when pain was no longer ex- 
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perienced, even rubbing the adjacent area with a finger or 
a blunt tongue depressor evoked a sensation of itching In 
the sHn as well as at the point of the pinch. 

The pinch was maintained for seven minutes, when the 
"itchy” area was found to extend 4 cm. distally and 10 cm. 
proximally from the injury, still surrounded by a narrow 
band of hyperalgesia. Immediately after removal of the 
forceps, the hypoalgesic area diminished, its outer borders 
receding. The hypoalgesia was thus gradually replaced by 
hyperalgesia. In five to 10 minutes after removal of tlic 
forceps, the hyperalgesia completely filled the zone whidi 
had been hypoalgesic and “itchy.” Cowhage applied to 
this hypcralgesic skin induced no itch, nor was it “itchy" 
in response to stroking. 

The observations in Ehcperimenls 6 and 7 of hypo- 
algesia to pin prick in skfn surrounding sites stimulated 
cither by cowhage or hy pinching prompted further study 
of this phenomenon- The experiments of Lcv.-js, and of 
Hardy, Wolfi and Goodell, in which they evoked letcnd- 
ary hyperalgesia by faradic stimulation, were repeated as 
follows: 
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Experiment 8. Demonstration of hypoalgesia in skin ad- 
*■ jacent to a focus of faradic stimulation 

In three subjects a branch of a cutaneous sensory nerve 
on the volar surface on the forearm was painfully stimu¬ 
lated with faradic current for four minutes. The adja¬ 
cent skin was tested at the end of one minute and pin 
prick was found to be dulled. In the fourth minute just 
before the stimulation ended the pin was appreciated 
more as pressure than as pain. However, each prick 
markedly increased the pain from the faradic stimulation. 
Immediately after the end of the stimulation the hypo- 
algesic zone extended 4 cm. proximally, 6 cm. distally and 
1 cm. laterally from the site of injury. Within 10 min¬ 
utes no hypoalgesia could be detected. There was now a 
zone of marked hyperalgesia which extended 8 cm. proxi¬ 
mally from the site of faradic stimulation, and 6 cm. 
distally. No itch or tickle could be elicited by drawing a 
thread across this area. 

Comment 

It has been observed when an individual is ex¬ 
periencing one pain that the threshold for pain 
elsewhere is raised (17), Thus, one possible ex¬ 
planation of the hypoalgesia which was noted in the 
vicinity of the injured skin in Experiments 7 and 8 
might be such an elevation of pain threshold. 
However, this cannot be the only explanation, be¬ 
cause the hypoalgesia was limited in extent and 
persisted despite decreasing pain intensity as adap¬ 
tation to the forceps pinch occurred, and for a few 
minutes after the removal of the forceps. This 
phenomenon might easily escape attention unless 
the adjacent skin area were tested during the pe¬ 
riod of noxious stimulation. 

The observations of the last three experiments 
correspond to those of Experiment 5, in that skin 
in which secondary hyperalgesia existed was not 
“itchy” to stroking nor could itching be induced 
in it by cowhage. Also tickle was not elicited in 
the zone of secondary hyperalgesia. In short, al¬ 
though itchiness and secondary hyperalgesia may 
both be associated with skin damage, they do not 
occur in the same area at the same time. 

Experiment 9. Demonstration of the occurrence of both 

"itchy skin” and itching associated with skin injury 

Goldscheider’s experiment was repeated in a series of 
20 experiments on three subjects. The web between two 
fingers was tightly pinched with fine forceps. Within half 
a minute not only could “itchy skin” be demonstrated on 
stroking of the palm and the back of the hand, but also 
itch occurred in the palm of the hand spontaneously. 
Again the “itchy skin” was hypoalgesic to pin prick and 
was surrounded by a band of hyperalgesia which was not 


"itchy.” There was also a small area of hyperalgesia a few 
millimeters in diameter at the site of the pinch, presumably 
primary hyperalgesia. 

Similarly, pinching a web between the toes for less than 
two minutes gave rise to spontaneous itching and “itchy 
skin” in the sole of the foot, especially on the underside 
of the great toe and the ball of the foot. In one of the 
subjects, the itching induced by such slight injury be¬ 
tween the toes continued for more than an hour. 

In one subject itching in and around an insect bite dn 
tlie medial aspect of the left thigh, about eight inches 
above the knee, persisted for three days. On the third 
day a zone of “itchy skin” was found to extend for 5 to 6 
cm. around tlie reddened bite, which was itself spontane¬ 
ously itching, and hyperalgesic to pin prick. In the 
zone of “itchy skin” pin prick was dulled, but the area was 
surrounded by a clearly perceptible narrow band of hy¬ 
peralgesia. A few pin pricks within this area abolished 
the itching from the bite for 30 to 60 seconds. 

Similar observations were made in a second subject who 
had “itchy skin” on the top of tlie left foot associated 
with a slight abrasion of the skin. 

Experiment 10. Demonstration of the spread of itching 

from a primary focus of itching 

In a series of four experiments on two subjects cowhage 
was placed on an area of skin approximately 1 cm. in 
diameter on the volar surface of the wrist at the junction 
between tlie hand and the arm. Accompanying the in¬ 
tense itch elicited on this site not' only was the itchiness 
in response to stroking of adjacent skin marked, but 
spontaneous itching which spread into the thenar and 
hypothenar eminences and into the palm of the hand oc¬ 
curred. Here, again, the area of itchy skin was surrounded 
by a narrow zone of hyperalgesia which was not "itchy.’ 

Comment 

Goldscheider reported that painfully pinching 
the skin led to the development of hyperalgesia 
in the surrounding area. He apparently did not 
notice that the more remote border of hyperalgesia 
was only a narrow zone and in fact surrounded an 
area of /ty/’oalgesia to pin prick. It is only after 
the passage of several minutes following a pinch 
of four to seven minutes duration that the hyper¬ 
algesia completely displaces the hypoalgesia. Gold¬ 
scheider inferred that the “itchy skin” was related 
to hyperalgesia, but from the experiments re¬ 
ported here, it appears that only the skin which 
is /lypoalgesic to pin prick is “itchy” in response 
to stroking. These findings are in agreement with 
the observations that itch is not induced by cow¬ 
hage in a zone of secondary /jy/jcralgesia. This is 
evidence of fundamental similarities between 
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“spontaneous itching” which follows the applica¬ 
tion of cowhage or histamine, and that which can 
be elicited by stroking in skin adjacent to a source 
of noxious impulses. 

Experiment 11. Demonstration of the relation of "itchy 
skin" and pain, and of the occurrence of "itchy skin" in 
the absence of touch sensation 

In three subjects a blood pressure cuff was -wrapped 
around the upper arm, inflated to 200 mm. Hg, and kept at 
this pressure for the duration of the experiment At the 
end of eight to 15 minutes when pin prick was slightly 
dulled in the palm of the hand, drawing the end of a 
tongue depressor across the palmar skin elicited an in¬ 
tense burning itch, and stroking -with a finger also elicited 
tickle or itch. At the end of 20 minutes in all three sub¬ 
jects the sensation of touch in response to laying the 
flat side of the tongue depressor on the wrist u-as gone. 
Itch powder (cowhage) -svas then applied and within two 
minutes elicited a burning itch. Stroking the skin both 
proximal and distal to the cowhage, was felt as “itchj-^’ 
and also intensified the itch from the cowhage. The zone 
in which "itchy” skin could be detected -was -well 
demarcated for a distance of 8-10 cm. proximal to the 
itch spot, and throughout the palm to the tips of the 
fingers. In the distal zone of “itchy sHn” no touch sen¬ 
sation could be detected. 

Comment 

Bickford reported that the perception of “itchy 
skin” failed at a stage of asphyxia at which both 
touch and pain sensibility were still present, and 
was therefore forced to postulate that special 
peripheral nerves transmitted the sensation. The 
observations described above, however, are e-vi- 
dence that “itchy skin” can occur in the absence 
of touch as long as pain is preserv'ed. 

They indicated that both itch and “itchy skin” 
occur independently of touch sensation, and as long 
as some fibers are still conducting pain impulses. 
Perhaps Bickford failed to make this observation 
because he used intracutaneous histamine puncture 
to produce spontaneous itching and “itchy skin” 
and in our experience the latter was less intense 
and more difficult to detect when histamine was 
used to evoke itch. 

Discussion 

The "itchy skin” phenomenon is indistinguish¬ 
able subjectively from tickle (see next section). 
The sensation evoked by light stroking of other¬ 
wise unstimulated skin is called “tickle,” that 
evoked by light stroking of skin in the neighbor¬ 


hood of a source of itching has been called “itchy,” 
but they are otherwise alike, and both provoke a 
desire to scratch. “Itchy skin” is like itch and 
tickle in that it could not be elicited in skin mani¬ 
festing secondary hj-peralgesia. Bickford observed 
that if it was impossible to elicit “itchy skin” as a 
result of ner\’ous sj'-stem disease or of experi¬ 
mental procedures, it was also impossible to elicit 
tickle. He concluded that the development of 
“itchy skin” depended on axon-reflexes similar to 
those responsible for the development of the flare 
around sites of skin injury. Whether or not this 
is correct, the “itchy” sensation elicited in the area 
presumably results from a kind of activity in inter- 
nimcial neurons similar to that which is responsible 
for the primary' itching at the site of co-whage 
application. 

TICKLE 

When a stiff nylon thread is dra%vn across the 
skin a peculiar esthetic experience usually ensues, 
which long outlasts the period of stimulation. This 
is best demonstrated on the margin of the upper 
lip. The sensation has two distinct components. 
The first of these resembles itch and has in com¬ 
mon with it an associated urge to rub or scratch 
the sldn. The second consists of an awareness of 
movement of a light object touching the skin. In 
some parts of the body, e.g., the finger pads and 
the extensor surface of the elbow, only the second 
component is prominent, whereas at the lip margin 
the itching component is conspicuous. It is for 
the itching component of the sensation evolved by 
a mo-ving stimulus that the term "tickle” has been 
reserved in this paper. 

In the following experiments the relation of 
tickle, itch, "itchy skin” and pain were further 
investigated. 

Experiment 12. Demonstration that tickle and itch differ 

only in that tickle has the additional element of move¬ 
ment 

A fire nylon thread -was touched to the skin of the 
forehead in one spot. Ten subjects so tested reported 
that the sensation elicited was itch, and was acccmpa.nied 
by the urge to rub or scratch. V.T.cn the thread was 
lightly drover, across the skin, son:c o: the subjects 
changed their report of tl:e sensation to tickle, but 
stated that the only change in tl'.e quality of tiie experi¬ 
ence -n-as the additional perception of movement cf the 
thread, although the desire to rub or semtei’, was in¬ 
tensified. 
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In six subjects, the difference between touch and tickle 
or itch was clearly demonstrated by touching first the 
pad of one finger and then the forehead. A light touch 
by the finger of the experimenter on the finger pad of 
the subject elicited only touch, but on the forehead, itch 
or tickle were elicited, with an invariable accompaniment 
of a desire to rub or scratch the stimulated skin. 

Comment 

These observations make clear that the concep¬ 
tion of tickle in everyday experience conforms ex¬ 
actly to the definition given above, i.e., tickle is 
the itching component of the sensation evoked by 
a light moving stimulus on the skin. 

Experiment 13. Demonstration that tickle is obliterated 

by stimulation of pain endings 

The forehead was rubbed briskly so that a slight after¬ 
pain was experienced, and again tested by lightly draw¬ 
ing the nylon thread across the skin. Now the sensation 
elicited was purely that of touch without the unpleasant 
component arousing the urge to rub or scratch. Similarly, 
immediately after the forehead was pricked vigorously 
with a pin, for at least as long as the faint after-pain 
of the pricking persisted the sensation elicited by the 
thread was again only touch. 

Comment 

Although drawing a wisp of cotton across the 
skin in most skin areas is used as a bedside test¬ 
ing procedure to indicate perception of light touch, 
it is also used on the upper lip, a very “ticklish” 
area, to test for the integrity of fiber systems con¬ 
veying noxious impulses in the skin supplied by 
the fifth cranial nerve. 

It is apparent that the drawing of a thread or 
wisp of cotton across the skin may under varying 
circumstances give rise to qualitatively distinct 
sensations. As stated above, it has seemed profit¬ 
able to reserve the word “tickle” for that part of 
the sensation thus elicited which resembles itch 
and arouses the desire to rub or scratch. The ef¬ 
fect of painful stimuli in abolishing or preventing 
tickle is apparently analogous to the phenomenon 
of abolishing itch by pin prick. 

Experiment 14. Demonstration of the absence of tickle 

in a zone of secondary hyperalgesia 

In two subjects zones of secondary hyperalgesia were 
defined on the volar surfaces of the forearms after faradic 
stimulation of a superficial cutaneous sensory nerve. 
When the hyperalgesia was fully developed a nylon thread 
drawn lightly across the area elicited a sensation of 
touch; when the thread was applied with slightly greater 


force, touch commingled with pain was elicited, but the 
sensation was definitely not tickle. The same thread 
elicited tickle in control areas on the opposite arm, and 
in areas of skin on tlic same arm outside of the area of 
secondary hyperalgesia. In these two subjects the sec¬ 
ondary hyperalgesia was abolished by pin prick within 
its borders. Immediately thereafter, tickle could again 
be elicited. 

Comment 

It appears that tickle, like itch, is inhibited by 
the presence of secondary hyperalgesia of the skin; 
that a stimulus clearly eliciting tickle in control 
skin, elicits in hyperalgesic skin either a sensation 
of touch without the special quality of tickle or itch, 
or of touch commingled with pain. Areas of sec¬ 
ondary hyperalgesia have thus been demonstrated 
to be “anti-ticklish” as well as “anti-pruritic.” 

Experiment 15. Demonstration of the occurrence of 

tickle in the absence of touch sensation 

In three subjects a blood pressure cuff was inflated 
about the upper arm at a pressure of 200 mm. Hg. About 
20 minutes later the light touch of a flat tongue depres¬ 
sor could not be perceived on the back and side of the 
forefinger. At this time, however, a stiff nylon thread 
drawn across this area elicited a distinct tickle which 
merged into an itching sensation 

Comment 

It has been previously noted that during as¬ 
phyxia of an arm touch sensation disappears at a 
time when pain can still be elicited. This experi¬ 
ment demonstrates that tickle, like itch, is inde¬ 
pendent of touch, and is indeed also probably car¬ 
ried over the afferent fibers which mediate pain. 

Discussion 

No general agreement on the relation of the sen¬ 
sation of tickle to touch, pain and itch has pre¬ 
viously been reached. Discussion has focussed on 
whether tickle was essentially different from itch, 
and whether the mediation of tickle sensation was 
to be assigned to touch or to pain receptors. 

With regard to the first question, Murray (21) 
reported that her subjects found that itch differed 
from tickle only in being “more persistent, painful 
and intolerable.” Tordk (22), on the other hand, 
asked patients with pruritus to compare their 
spontaneous itching with the sensation elicited by 
drawing a wisp of cotton across the skin. From 
these comparisons he concluded that itch and tickle 
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were different sensations which could he distin¬ 
guished by his subject. It should be noted, how¬ 
ever, that motion adds an element to the sensation 
which makes it different from itching, and probably 
accounts for the patients' statements that they could 
distinguish between the tivo. It is also important 
that under certain circumstances, as discussed 
above, the same moving stimulus provokes a sen¬ 
sation which induces no desire to scratch, con¬ 
sists entirely of touch, and is not ordinarily called 
tickle by the subject experiencing it. It is con¬ 
ceivable that difficulties of communication with 
patients might lead to a report of “tickle” for this 
sensation also. 

Thole (11) also separated itch and tickle as 
regards the structures involved, concluding that 
tickle was related to stimulation of touch receptors. 
He failed to make the observation that tickle can 
be elicited in areas of skin in which touch is no 
longer present, nor did he differentiate between 
true tickle and a sensation of moving touch in 
areas where pain could not be elicited. 

Bishop (23, 24) suggested that tickle sensation 
was a function of touch rather than pain receptors. 
He found that weak and rapid electrical stimulation 
of touch endings failed completely to elicit tickle 
but this he attributed to the lack of movement of 
the stimulus. He argued that tickle can be elicited 
by a contact with the skin so light that it is clear 
that the receptors concerned must have a very low 
threshold, and that therefore participation of pain 
receptors is out of the question. In his own ob¬ 
servations on cutaneous sensation, however, he 
found that in most areas of skin, except notably on 
the balls of the finger, prick has a lotver threshold 
than touch. Furthermore, in reviewing (25) von 
Frey’s observations, Bishop calls attention to the 
fact that in using mechanical stimulators of small 
diameter, thresholds for touch and pain closely ap¬ 
proximate each other. Likewise, Hardy, Wolff, 
and Goodell (10), testing for touch threshold with 
von Frey hairs in hyperalgesic and control areas 
of skin, found that the thresholds for touch and 
for pain were not grossly different Bishop’s sec¬ 
ond piece of evidence linking tickle with touch was 
that tickle, like touch, “adapts” to continued stimu¬ 
lation (24). However, continuous noxious stim¬ 
ulation also ceases to produce pain, as can be 
readily demonstrated by bolding a pin point stead¬ 


ily against the skin for several seconds, or by pinch¬ 
ing a fold of skin with forceps, 

Bickford observed that tickle, “itchy skin,” itch, 
and pain were all absent in patients with antero¬ 
lateral tract lesions, even though touch sensation 
remained intact. 

Pritchard (26) considered that tickle, itch and 
pain all lay on the same continuum of sensation, 
and that tickle, like itch, ivas a varietj' of pain. He 
nevertheless concluded that tickle and pain involved 
different peripheral pathways. He failed to pre¬ 
sent evidence that tickle could be elicited in the 
complete absence of pain. On the other hand, 
Samoff and Arrowood (27) reported that tickle 
sensation elicited "'by scratching the soles of the 
feet” persisted in some of their patients in the ab¬ 
sence of pain from pin prick during spinal block 
with procaine. However, the intensity of their 
scratch stimulus was not described, and it is not 
clear that it elicited true tickle, especially since 
there was no description of the qualities of the 
sensation experienced. It is also possible that 
their observations may be related to Thole’s find¬ 
ings (11). 

Zotterman (28) on the basis of his studies of 
axone potentials in cat nerves concluded that tickle 
and itching sensations are mediated by the fibers 
which are responsible for the pain elicited by pin 
prick. He also obsen-ed that tickle could not be 
elicited in patients with analgesia of the face fol¬ 
lowing trigeminal tractotomy, although touch sen¬ 
sibility was intact. 

On the basis of the observations reported here 
it is inferred that the sensation called "tickle” is 
mediated by' the same neural fibers as are involved 
in itch and pain. This conclusion is based on the 
experiments mvol-ving differential anesthetization, 
for tickle could be elicited when touch sensitivity 
was absent and pain sensitivity retained, thus ex¬ 
actly paralleling cowhage-induced itching in like 
circumstances. Furthermore, tickle is inhibited in 
an area of secondary hyperalgesia, as is itch; and 
it is obliterated in skin to which a painful pricking 
or rubbing has been applied, just as itch is obliter¬ 
ated by pricking in adjacent areas of sffin. It is 
concluded, therefore, that the pathways concerned 
in the perception of tidde are those for pain. a.nd 
that touch mechanisms do not panicipatc, except 
to add something which is essenth'dy extrar.eou*. 
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SUMMARY AND CONCLUSIONS 

1. The sensation of itch has two subjectively 
distinguishable components, one pricking and the 
other burning. These correspond to the two kinds 
of cutaneous pain, and are mediated respectively 
by the two types of nerve fibers involved in the 
transmission of pain from the skin. Touch re¬ 
ceptors and fibers are not involved. 

2. Cutaneous tickle and the sensation elicited in 
“itchy skin” do not differ qualitatively from itch, 
except by the addition of an awareness of move¬ 
ment, and are mediated by the same neural struc¬ 
tures, i.e., those which transmit pain. Touch re¬ 
ceptors, when functioning, probably add an essen¬ 
tially extraneous component to tickle and to the 
sensation elicited in “itchy skin,” but both phe¬ 
nomena occur in the absence of touch. 

3. When itching is present, the pain threshold 
at the site is lower than it is in the same skin 
during itch-free intervals. 

4. Itch occurs when pain receptors are weakly 
stimulated. 

5. Tickle, itchy skin and itch are abolished by 
pin pricks in adjacent skin. In the case of itch, 
this abolition is possible if the skin is pricked any¬ 
where in the dermatome which contains the site 
of itching. 

6. Tickle, “itchy skin,” and itch do not occur 
in areas of secondary hyperalgesia. They do oc¬ 
cur in skin surrounding sites of noxious stimula¬ 
tion when the area is hypoalgesic to pin prick. 

7. It is suggested that the sensation of itch re¬ 
sults from the presence in the spinal cord of im¬ 
pulses traveling in circuits of internuncial neurons, 
with a consequent patterned discharge up the 
spinothalamic tracts. Such circuits are presum¬ 
ably established when peripheral pain nerves dis¬ 
charge into the cord at a low frequency. When 
the circuits are broken up—^by strong stimulation 
in the same dermatome, for instance—itching 
ceases. 
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It has been clearly demonstrated that the rate 
of glucose absorption is independent of the concen¬ 
tration of the glucose solution introduced into the 
intestine (1-4). This has been interpreted as in¬ 
dicating that glucose absorption is an enzymatic 
process in which phosphorylation at the wall of 
the intestine precedes the absorption of glucose 
(5-7). This mechanism has been thoroughly 
tested and evidence in its favor is convincing (8- 
10). It appeared to us, therefore, that hexose- 
phosphates introduced into the intestinal tract 
might be absorbed directly, without splitting of 
the phosphate linkage with the exception of that 
material which would be hydrolyzed by stomach 
acids and destroyed by the intestinal flora. It 
was therefore decided to determine the manner 
in which a hexosephosphate given orally to adults 
is absorbed. The adults studied were patients 
taken from our wards who showed no evidence of 
impaired intestinal absorption. 

The administration of large amounts of inor¬ 
ganic phosphate is not an innocuous procedure in 
that one runs the risk of reducing the calcium ion 
concentration to a low level with resultant tetany. 
It was therefore decided, in this preliminary study, 
to administer calcium simultaneously. This could 
conveniently be done by administering the hexose¬ 
phosphate in the form of its calcium salt. Calcium 
fructose diphosphate is readily available and was, 
therefore, the substance chosen. 

The calcium fructose diphosphate was prepared by the 
Ernst-Bischoff Company,^ in the form of a fine powder, 
and also in pills containing 0.5 gram of this material. 
If we assume that one molecule of this material contains 
two atoms of calcium and two phosphate groups, then 


^ Presented at the Federation Meeting of the American 
Societies for Experimental Biology at Atlantic City, 
April, 1950. 

* Present address, Rockford Memorial Hospital, Rock¬ 
ford, III. 


the empirical formula is CjHi-OjjPjCaj and the molecular 
weight, 418. Theoretically, 14.8 per cent phosphorus and 
19.1 per cent of calcium should be present in the mole¬ 
cule. On analyzing the product, 13.6 per cent of phos¬ 
phorus was obtained and 17.2 per cent of calcium.^ 

Calcium fructose diphosphate is apparently readily 
hydrolyzed. It was observed that preparations which 
had been kept in stoppered bottles, but which had been 
opened frequently over a nine montlis' period, lost a high 
percentage of their organic phosphate content, the phos¬ 
phate in the material becoming inorganic. The material 
used, therefore, was tested for its inorganic phosphate 
content. If the material contained more than 2 per cent 
of its phosphate in the inorganic form, it was discarded. 
Calcium fructose diphosphate is more soluble than cal¬ 
cium phosphate, and a preliminary test may be made 
by shaking up 20 mg. in 25 ml. of water. The material 
should dissolve readily with no residue. 

The criteria of whether the hexosephosphate has 
reached the blood stream were determined by the organic 
phosphate content of the serum after the proteins had 
been removed. Inorganic phosphate was also measured. 
Calcium and two substances which normally form com¬ 
plexes with calcium, namely, citric acid and protein, were 
also estimated. Calcium was done by the method of 
Sobel and Sobel (11). Inorganic phosphorus was done 
by a modified method of Fiske and Subbarow (12, p. 579). 
Total protein was done by a modified biuret method (13). 
Citric acid was done by the method of Natelson, Pincus, 
and Lugovoy (14). Determination of total non-protein 
phosphorus was done by digestion of the trichloracetic 
acid filtrate of cell free serum (12, p. 581). When 50 p-g. 
of phosphorus as calcium fructose diphosphate or as cal¬ 
cium glyceryl monophosphate were added per ml. of 
serum, 94 to 102 per cent of the phosphorus added was 
recovered by this method. 

As determined by recoveries of added amounts of vari¬ 
ous constituents to serum, citric acid was determined with 
an accuracy of 5 per cent, inorganic phosphorus with an 
accuracy of 3 per cent and calcium with an accuracy of 3 
per cent. Per ml. of serum, 20 pg. of citric acid, 40 pg. 
of inorganic phosphorus, and 50 pg. of calcium were added 

® Calcium fructose diphosphate is manufactured by the 
Ernst Bischoff Co. of Ivorytown, Conn., under the trade 
name of Com-B-Phos. The material supplied us con¬ 
tained some water of crystallization. The company makes 
an anhydrous product which they claim is more stable. > 
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TABLE 1 


Change in serum levels after administration of 6 grams of 
calcium fructose diphosphate 


Case* 


Non-protein phos¬ 
phorus (me. %) 

Cal- 

Citrate 

Protein 

no. 


Total 

Inor- ( 
ganic '' 

Irganic 

dum 


hrs. 

casting 

3.9 

3.3 

0.6 

me. 7a 

10.1 

me. 7c 
2.03 

7c 

7.3 

1 

1 

5.8 

3.2 

2.6 

10.3 

1.91 

7.5 

2 

6.7 

3.3 

3.4 

10.5 

2.03 

7.3 


3 

6.1 

3.5 

2.6 

10.4 

2.00 

— 


Fasting 

3.1 

2.7 

0.4 

9.7 

1.89 

6.3 


1 

5.6 

2.9 

2.7 

10.3 

2.20 

6.4 

2 

2 

6.1 

3.4 

2.7 

10.2 

1.93 

6.2 


3 

4.7 

3.0 

1.7 

10.3 

2.03 

6.5 


Fasting 

3.4 

3.0 

0.4 

9.0 

2.34 

7.2 


1 

4.4 

3.7 

0.7 

9.3 

2.56 

7.3 

3 

2 

5.8 

4.1 

1.7 

9.6 

2.33 

7.5 


3 

6.7 

3.8 

2.9 

9.6 

2.28 

7.3 


Fasting 

3.5 

2.9 

0.6 

8.3 

2.44 

5.6 


1 

4.4 

3.1 

1.3 

8.5 

2.44 

5.7 

4 

2 

7.5 

3.1 

4.4 

8.8 

2.71 

5.8 


3 

5.3 

3.1 

2.2 

8.3 

2.49 

5.6 


Fasting 

4.7 

3.5 

1.2 

10.3 

2.25 

5.9 

5 

1 

5.8 

3.7 

2.1 

10.5 

2.70 

5.9 

2 

7.0 

4.3 

2.7 

10.6 

2.05 

6.1 


3 

5,8 

4.3 

1.5 

10.6 

2.20 

6.1 


Fasting 

5.6 

4.5 

1.1 

9.5 

1.95 

6.9 


1 

7.0 

5.0 

2.0 

10.3 

2.40 

6.9 

0 

2 

8.1 

5.0 

3.1 

10.3 

1.95 

7.0 


3 

7.0 

5.0 

2.0 

10.3 

1.95 

7.2 


Fasting 

4.9 

4.2 

0.7 

10.1 

2.36 

7.1 


1 

5.7 

4.4 

1.3 

11.0 

2.42 

7.3 


2 

5.6 

4.5 

1.1 

10.9 

2.61 

7.2 


3 

5.3 

4.6 

0.7 

10.8 

2.29 

7.3 


Fasting 

3.9 

3.4 

0.5 

10.2 

1.84 

6.5 

8 

1 

5.0 

3.6 

1.4 

10.9 

2.06 

6.6 

2 

5.1 

3.7 

1.4 

10.8 

2.06 

6.6 


3 

4.6 

3.5 

0.9 

10.8 

2.03 

6.5 


Fasting 

3.7 

2.6 

1.1 

9.9 

2.36 

6.7 


1 

4.2 

2.8 

1.4 

10.2 

2.51 

6.7 


2 

4.7 

2.9 

1.8 

10.2 

2.36 

6.8 


3 

5.2 

3.0 

2.2 

10.4 

2.30 

6.9 


Fasting 

4.6 

3.4 

1.2 

10.2 

2.18 

6.8 

10 

1 

5.0 

3.4 

1.6 

10.2 

2.30 

6.7 

2 

6.9 

4.0 

2.9 

10.4 

2.18 

6.8 


3 

6.5 

3.9 

2.6 

10.5 

2.14 

6.8 


Fasting 

3.7 

3.5 

0.2 

9.8 

1.60 

7.2 

11 

1 

4.2 

3.8 

0.4 

9.8 

1.70 

7.6 

2 

4.2 

3.8 

0.4 

10.3 

1.86 

7.4 


3 

4.4 

4.1 

0.3 

9.4 

1.43 

7.4 


Fasting 

4.2 

3.9 

0.3 

8.1 

2.10 

7.5 

12 

1 

5.0 

4.5 

0.5 

8.5 

2.31 


2 

5.5 

4.8 

0.7 

8.0 

2.14 

7.4 


3 

5.3 

4.8 

0.5 

8.3 

1.90 

7.4 


* Hospital patients ttith apparently no impairment of 
intestinal function. Results are averages of duplicates. 


for the recovery determinations. The accuracy of the 
protein method was estimated at approximately 3 per 
cent by comparing the procedure used with the Kjeldahl 
procedure on 50 samples, in the routine laboratory. All 
analyses were done in duplicate and the tables below 
show' the results of the average of these duplicates. 

The experiments were performed in the following man¬ 
ner: A fasting sample of blood w’as drawn and 6 grams 
(12 pills), of calcium fructose diphosphate were taken 
by mouth. Thereafter, samples of blood were taken at 
intervals of one hour for three hours. 

Results are shown in 12 cases in Table I (cases 
1 through 12). Summary of these results is showm 
in Tables II and III where the various determina¬ 
tions are averaged for cases 1 through 12. Table 
IV shows the results carried out w’ith a calcium 
fructose diphosphate powder preparation which 
had been hydrolyzed by nine months’ exposure to 
moisture in the powder and air. On analysis, ap¬ 
proximately 80 per cent of the phosphorus was in 
inorganic form. These results serve as a “blank” 
for comparison of the absorption of a hexosephos- 
phate with a phosphate preparation which con¬ 
tained the same quantity of calcium and phos¬ 
phorus, but little organic phosphate. 

DISCUSSION 

Examination of Table III shows a rise of ap¬ 
proximately 15 per cent in inorganic phosphorus, 
and a rise of 173 per cent of the non-protein or¬ 
ganic phosphorus, over the fasting level. That 
these results are statistically significant is ap¬ 
parent from Table I where increases are obsen*ed 
in every case without exception. The control 
table (Table IV) indicates that the total rise in 
organic phosphorus levels could not be caused by 
the ingestion of inorganic phosphate. In view of 
the small amount of organic phosphate normally 
present in cell-free serum, the 173 per cent rise is 
somewhat misleading. An estimation of the 
amount of organic phosphate absorbed is best ob¬ 
tained by examination of the average absolute rise 
in non-protein organic phosphate. This is listed 
as 1.40 mg. per 1(X3 ml. in Table III. Assuming 
that 20 per cent of the body weight represents total 
extracellular fluid, the average adult would have 
20 per cent X 75 Kg. = 15 liters of e>:traccllular 
fluid. The total non-protein organic phosphorus 
increase would then be 1.4 X 10 X 15 -s- 1000 = 
0.210 gram. Since the phosphorus represents only 
13 per cent of the calcium fructose diph' 3 'phate 


52 


SAMUEL NATELSON, MARGARET KLEIN, AND BENJAMIN KRAMER 


TABLE II 

Average values for the 12 eases studied 
(Table I, eases 1-12) 



Calcium 

Total protein 

Citric acid 



Mg. % rise 

% Rise 1 

Mg.% 

Mg. % rise 

% Rise 

Mg. % 

Mg. % rise 

% Rise 


Mg.% 

over 

over 1 

over 

over 

over 

over 


fasting 

fasting 1 


fasting 

fasting 

fasting 

fasting 

Fasting 

9.59 

-- 


6.76 

— 

— 

2.06 

— 

— 

1 hr. 

9.90 

0.31 

3.2 

6.80 

0.04 

0.6 

2.28 

0.22 

10.7 

2 hrs. 

10.01 


4.4 

6.80 

0.04 

0.6 

2.19 

0.13 

6.8 

3 hrs. 

9.95 

■■ 

3.8 

6.73 

0.03 

0.4 

2.10 

0.04 

1.9 

1 


used, this would imply that 1.6 grams of fructose 
diphosphate is present in the extracellular fluid 
at the time of the peak rise in nonprotein organic 
phosphorus as an average for the 12 adults. The 
one hour, two hour and three hour figures in 
Table III for organic phosphorus indicate that a 
continuous process of absorption and metabolism 
is going on. From this observation and the fact 
that some fructose diphosphate is probably hy¬ 
drolyzed by the acid in the stomach, one might 
infer that a high percentage of the fructose di¬ 
phosphate which reaches the intestine is rapidly 
absorbed. The speed of absorption is indicated by 
the fact that a rise in non-protein organic phos¬ 
phorus can be demonstrated in one hour and that 
a peak is reached in two hours. This compares 
in speed with the absorption of glucose. A more 
accurate picture would have been obtained if en¬ 
teric coated pills had been used. 

It is of interest that at no time did the inor¬ 
ganic phosphorus levels rise to a point where a 
hazard of tetany might be encountered. At the 
peak, the inorganic phosphorus rise was less than 
one-third that of the rise in organic non-protein 
phosphorus. This rise in inorganic phosphorus 
is equivalent to 0.59 gram of calcium fructose di¬ 


phosphate. Thus at the peak rise, more than one- 
third of the substance administered (6 grams) 
could be accounted for in the extracellular fluid 
(1.6 grams-4-0.59 gram = 2.19 grams), calcu¬ 
lated on the rise in total phosphorus. 

The ratio of the phosphorus to calcium absorbed 
should have been 31/40 or approximately 3/4 if 
the calcium fructose diphosphate molecule had 
been absorbed directly. Actually the ratio was 
1.91/0.42 (see Tables III and IV), or 9/2 ap¬ 
proximately. Disproportion between the absorp¬ 
tion of calcium and organic phosphorus may be 
interpreted on the basis that the molecule is not 
absorbed as a whole, but that in the intestinal 
tract calcium dissociates, and the fructose diphos¬ 
phate is absorbed in greater amounts than calcium. 
This could only be demonstrated if the amount of 
calcium excreted in the stool were measured. In 
the present study stool analyses were not done. 

The relatively slight increase in calcium con¬ 
centration (Table II) suggested that a large por¬ 
tion of the calcium may be tightly bound in or¬ 
ganic form. However, ashing made no significant 
difference (2 per cent increase) in the calcium 
content of the same serum at the peak organic 
phosphorus level. Increase in citrate levels is 


TABLE III 


Average values for the 12 cases studied » 
(Table I, cases 1-12) 



Total non-protein phosphorus 

i 

[ Inorganic phosphorus 

Organic non-protein phosphorus 


Mg. % 

Mg. % rise 

% Rise 

Mg.% 

Mg. % rise 

% Rise 

' 

Mg. % rise 

% Rise 


over 

fasting 

over 

fasting 

over 

fasting 

over 

fasting 

Mg.% 

over 

fasting 

over 

fasting 

Fasting 

4.19 

— 

— 

3.40 

— 

wBm 

0.79 

_ 

— 

1 hr. 

5.17 

0.98 

23 

3.66 

0.26 


1.51 


92 

2 hrs. 

6.10 

1.91 

46 

3.91 

0.51 


2.19 


- 173 

3 hrs. 

5.58 

1.39 

33 

3.88 

0.48 

m 

1.70 


116 

1 
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TABLE IV 


Change in serum leeels after administration of 6 grams of 
hydrolyzed calcium fructose diphosphate 


Case* 


Non-proteia phos¬ 
phorus (mz. 

Cal- 

Citrate 

Protein 

no. 


Total 

Inor- 

gaaic 

Organic 

dum 


hrs. 

Fasting 

4.2 

3.9 

0.3 

mg.% 

9.0 

1 rr.z.% 

1.90 

! % 

6.0 

13 

1 

4.6 

4.1 

0.5 

9.6 

2.20 

6.0 

2 

4.6 

4.1 

0.5 

9.5 

i 2.10 

‘ 6.2 


3 

4.6 

/ 

4.2 

0.4 

9.4 

i 1.90 

i 6.0 


Fasting 

4.4 

3.8 

0.6 

1 10.0 

2.20 

i 7.4 

14 

I 

S.O 

4.3 

0.7 

10.0 

2.10 

i 7.5 

2 

5.3 

4.5 

0.8 

i 10.3 

2.33 

! 7.2 


3 

5.5 

4.8 

0.7 

1 

lO.l 

2.25 

; 7.2 


Fastingj 

3.5 

3.0 

0.5 

IQ.O 

2.20 

7.3 

IS 1 

1 

3.9 ! 

3.3 

0.6 

10.3 

2.36 

7.6 

2 

4.3 i 

3.5 

0.8 j 

10.5 

2.33 

7.6 


3 

4.8 

4.0 

0.8 ! 

10.2 

2.33 

7.3 


Fasting 

8.2 

7.6 i 

0.6 1 

8.0 ! 

2.10 

5.0 

16 

1 

8.2 

7.4 i 

0.8 i 

8.7 i 

2.54 

5.4 

2 

8.1 

7.4 

0.7 

8.7 

2.15 ' 

5.0 


3 

8.2 

7.5 

0.7 

8.1 

1.92 

5.0 


Fasting 

6.2 

5.5 

0.7 

7.7 

1.92 ! 

4.7 

17 

1 

6.0 

S.S 

0.5 

8.1 

2.03 

4.8 

2 

6.0 

S.4 

0.6 

7.6 

2.06 ! 

4.7 


3 

6.2 

5.4 

0.8 

7.6 

1.96 

4.7 


Fasting 

5.3 

4.8 

0.5 

8.9 

2.06 

6.1 

Aver- 

1 

5.4 

4.9 

0.5 

9.3 

2.25 

6.2 

age 

2 

5.6 

S.O 

0.6 

9.3 

2.20 

6.1 

3 

5.9 

5.2 

0.7 

9.1 

2.06 

6.0 


* Hospital patients -with apparently no impairment of 
intestinal function. Results are averages of duplicates. 


probably associated with the rise in calcium levels 
(15). Protein changes were not considered 
significant. 

Certain pathological conditions exist such as 
hyperparathyroidism (16), and low phosphorus 
rickets (17-19), where the phosphate levels of the 
blood cannot be mcuntained even when inorganic 
phosphate is administered. In lead poisoning, the 
administration of phosphorus has been suggested 
in order to alleviate symptoms by remot’al of lead 
from the plasma (20-22). This technique has 
been hampered by the danger associated with in¬ 
jections of inorganic phosphorus. The authors 
intend to investigate the possibilitj’ that hexose- 
phosphates may find application in these cases. 

The properties ascribed to calcium fructose di¬ 
phosphate in this report are apparently not limited 
to fructose diphosphate since calcium glycerol phos¬ 
phate, when tested in one case, produced similar 


results. It is the intention of the authors to ex¬ 
tend this study to other phosphate esters such as 
glucose 6 phosphate, and glucose 1 phosphate. 

StmMABV 

1. The effect of 6 grams of calcium fructose 
diphosphate administered orally on the calcium, 
protein, citric acid, inorganic phosphorus and 
non-protein organic phosphorus levels of the serum 
was studied in 12 adults. 

2. The results show an averse increase in the 
calcium concentration of 4.4 per cent. Citric acid 
rose 10.7 per cent over the fasting levels. In¬ 
organic phosphorus levels rose an average of 15 
per cent. The greatest change was noted in the 
case of non-protein organic phosphorus which was 
of the order of 173 per cent increase. 

3. Six grams of hydrolyzed calcium fructose 
diphosphate given orally did not cause a similar 
rise in non-protein organic phosphate in five cases. 
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The value of plasma protein-bound iodine (PBI) 
measurement in the evaluation of thyroid disease 
has been -well established (1-7), but it has not yet 
assumed its deserved place in the clinical arma¬ 
mentarium because of the technical difficulties in¬ 
volved in distillation procedures. Modification of 
an alkaline-incineration technique (8) has resulted 
iri the evolution of a method for PBI determination 
vf)nc)n is pxatticaiAe lor a cimicai iaboxaiOTy. 
must be appreciated that extreme care will always 
be required in the quantitative measurement of 
0.05 /xgm. PBI/cc. plasma as well as in avoiding 
contamination. 

SOLUTIONS REQUIRED 

All solutions should be made up in double-distilled wa¬ 
ter. If the amount of iodide in the water is still too high 
to give a satisfactory blank, it may be necessary to cany* 
out these distillations with such reagents as alkali and 
permanganate. 

All reagents used should be of highest purity obtain¬ 
able. However, the iodine content in each instance must 
be judged from the blank values rather than from esti¬ 
mates shown on the labels. Often it is necessary to turn 
to a new source of supply or a different lot number in 
case of contamination. 

Zinc sulfate. 100 grams of ZnSO,-7 H;0 per liter of 
solution. 

Sodmm hydroxide. O.S N is 20 grams of NaOH per 
liter of solution. The zinc sulfate and sodimn hydroxide 
reagents should be so related that when 10.0 cc. of the 
former are diluted with 50-70 cc. of water and titrated 
with the latter, 10.8-11.2 cc. of the 0.5 K KaOH arc re¬ 
quired to produce a faint permanent pink color with 
phcnolphthalcin. 

Hydrochloric acid, 2 N. 200 cc. C.P. concentrated HCl 
per liter of solution. 

Sulfuric acid, 7 N. 196 cc. CP. concentrated H;SO. 
per liter of solution. 


^ This work was supported in part by a research grant 
from the Di%-ision of Research Grants and Fellowships, 
National Institutes of Health, U. S. Public Health Serv¬ 
ice and in part by a research grant from the Central Sd- 
cntific Fund of the College of Mcdidne, State University 
of Iowa. 

2 Deceased June 21, 1949. 


Iodide standards. Either Nal or KI of highest purity 
desiccator-dried may be used. If Nal is chosen, 118.1 mg. 
are dissolved in water and made to 1 1., if KI, 130.8 mg. 
These concentrated stock solutions contain 100.0 ggm. 
I/cc. 

A more dilute stock is obtained by diluting 2 cc. of 
the above solution to 1 1. To prepare the standard of 
0.04 Mgm. I/cc. solution used in each determination, 10 
cc. of this dilute stock are further diluted to 50 cc. 

All of these solutions have been found to keep indefi¬ 
nitely at refri^eratoc terajjeratjires, but it is pteferahle to 
make up the most dilute standard fresh every week or 
two. 

Certe ammonium sulfate, 0.02 iV. 12.65 grams of the 
salt are dissolved in 500 cc. of water plus 230 cc. of 7 N 
H;SO,. When the solution is clear, it is made to 1 1. 
with water. 

Sodium arsenite, 0.1 N. Dissolve 4.95 grams of As-O, in 
25 cc. of 49o (IN) NaOH, warming to hasten solution. 
This should be diluted with about 300 cc of water and 
dilute sulfuric acid added until the solution is slightly acid 
to litmus paper (if the 7 N is used, about 4 cc will be 
required). The solution is then made to 1 1. If sodium 
arsenite itself is used, 6.50 grams of NaAsOj should be 
dissolved in distilled water and diluted to 1.0 1. No acid 
or alkali is required with this salt 

ANALYTICAL PROCEDURE 

The steps involved can most conveniently be described 
under four headings: I) precipitation and washing of 
plasma proteins, 2) drying and incineration of sample, 
3) dissolving iodide from the ash, 4) colorimetric deter¬ 
mination of iodide present 

1) Precipitation (9) ar.d washing of plasma proteins. 
The blood sample, about 10 cc, is centrifuged and the 
plasma or serum drawn off. Duplicate aliquots of 1 cc 
each are pipetted into 15 X 125 mm. Pyrex lest tubes, di¬ 
luted with 7 cc of distilled water and 1.0 cc of lOfc zinc 
sulfate solution added. The contents of each tube arc mixed 
with a glass stirring rod about 2 mm. in diameter, 1.0 cc 
of 0.5 N sodium hydroxide is added and the solutions 
thoroughly mixed to insure even distribution of the al¬ 
kali and complete precipitation of the proteins. Any ma¬ 
terial adhering to the rod can be removed by rubbing it 
with a rotarj- movement against the in'idc wall of the 
tube 

The tube and contents arc centrifuged for 10 minutes 
to pad: tl’.e predpitate and the rupemr.tert fuid is 
poured of:. Ten cc of distilled water are added a.nd t; e 
protein resuspended by m.ec-.s of tine sa.m.e stirring red 
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originally used. Stirring should be only sufficiently vigor¬ 
ous to distribute the zinc proteinate uniformly throughout 
the solution: if over-zealously carried out, the precipitate 
may be so finely divided that it cannot easily be centri¬ 
fuged down. Centrifugation is again carried out and the 
supernatant discarded. This washing process is repeated 
two more times, making a total of three washings (the 
original precipitation is not included as a washing). 

2) Drying and incineration. After the last supernatant 
solution has been poured off, 0.8 cc. of 4.0 N sodium car¬ 
bonate is added and thoroughly stirred into the precipitate 
with the same stirring rod used in the washings. Re¬ 
moval of material clinging to the rod can be accomplished 
by rubbing as described previously, followed by 0.2 cc. of 
the 4.0 N NajCOj added dropwise down the rod. This 
last portion of alkali can easily be mixed with the sludge 
already present without use of the stirring rod. The tube 
is then placed in an oven set at 85-95° C. to drive off 
water. This usually requires 12-18 hours and is usually 
carried out overnight. 

After thorough drying of the alkali and zinc proteinate, 
ashing is carried out by placing the tube in a muffle fur¬ 
nace for two and one half hours at 600 ±25° C. At the 
end of that time, the tube is removed and allowed to cool 
to room temperature. 

3) Dissolving iodide from the ash. Two cc. of 2 N hy¬ 
drochloric acid are added with due caution to avoid exces¬ 
sive effervescence. A glass rod is used to mix any unre¬ 
acted ash with the acid, and 2.0 cc. of 7 N sulfuric acid 
and 3.0 cc. of water are added. The contents of the tube 
are stirred until the reaction appears to be finished, trans¬ 
ferred to a clean tube and briefly centrifuged to pack the 
insoluble material. 

4) Determination of iodide (.10). For each tube a pair 
of colorimeter tubes is taken. To one of the pair is added 
1.0 cc. of distilled water containing 0.04 ggm. of iodine as 
sodium or potassium iodide and to the other is added 1.0 
cc. of water. A 3.0 cc. aliquot of the supernatant in the 
sample tube is pipetted into each colorimeter tube and 0.5 
cc. of the sodium arsenite solution is added to each tube. 
Mixing should be carried out by some technique which 
avoids both loss of solution and contamination. 

The colorimeter tubes are then placed in a well-stirred 
constant temperature water bath maintained at 39 ± 0.1° C. 
for 10 minutes to come to temperature. The ceric am¬ 
monium sulfate solution should also be warmed in the 
bath. Since the actual determination of iodide is ac¬ 
complished by measuring iodide catalysis of the rate of 
decolorization of yellow ceric ammonium sulfate by ar- 
senious acid, the times at which colorimeter readings are 
made must be definitely set up. One cc. of the ceric 
solution must be added to each tube with adequate time 
allowance for reading the color change in the previous 
__tube. This is accomplished in this laboratory by leaving 

30-second interval between tubes and by setting up a 
■. .of only 12 tubes in a single series. Colorimeter 
gs are then made at six and 12 minutes after adding 
eric sulfate solution to each tube. If 30 seconds is 
adequate for making the reading, more time must be 

i owed, and fewer determinations done in any one series. 


Since the measurement depends entirely upon the decrease 
in amount of color, the pipetting of the 1.0 cc. of ceric 
solution must be highly accurate, even though done 
rapidly. Mixing must again be rapid and thorough. 

The Klett-Summerson readings (using blue filter No. 
42) are plotted on semi-log paper against the time in 
minutes. Ordinary graph paper is suitable for instruments 
giving readings in terms of per cent light transmission. 
The colorimeter setting at zero time is obtained for any 
given batch of reagents by quickly reading a reagent blank 
immediately after addition of the ceric sulfate. The lines 
describing the two reaction rates arc drawn using the 
points for 0, 6 and 12 minutes, as is shown in Figure 1 and 
then the horizontal line indicating times required to reach 
equal amounts of decolorization. The amount of iodide in 
the colorimeter tube without added iodide is calculated 
from the following equation, obtained from similar tri¬ 
angles (see Figure 1): 

T . , • , ^ , 0.04 X tj 

/igm. I m colorimeter tube =-— 

ti — It 

t, = time in minutes at intercept of the rate of decolori¬ 
zation in tube containing no extra iodide with the desig¬ 
nated horizontal. 

tj = time in minutes at intercept of the rate of decolori¬ 
zation in tube containing added iodide with the designated 
horizontal. 

The reagents used contain variable amounts of iodide 
and the total must be determined by blank analyses start¬ 
ing with the zinc sulfate and sodium hydroxide solutions 
and carried through the entire procedure, including the 
washings with 10 cc. of distilled water, addition of 1 cc. 
of sodium carbonate, drying, ashing, treatment with hy¬ 
drochloric and sulfuric acids and the final colorimetric as¬ 
say on 3 cc. aliquots just as with an unknown sample. 
The blank value calculated by the same formula shown 
previously has been 0.015 — 0.017 i^gm. I/tube in this 
laboratory. 

Since it is customary to express the values in terms of 
/tgm./lOO cc. plasma, the complete calculation would 
follow: 

Plasma PBI /xgm. I/lOO cc. 

= 100 X j (I in final aliquot—blank I) 

where the factor of 7/3 has been introduced to correct 
for the 3.0 cc. aliquot taken for colorimetric evaluation 
from the 7.0 cc. of acid supernatant from the ashed sample. 

If so much iodide is present in the sample that decolori¬ 
zation is nearly complete in the second tube, with 0.04 
ggm. of added I, the determination may be repeated using 
less than the 1.0 cc. of plasma usually called for. Compu¬ 
tation of the results must be adjusted as necessary to 
cover this change. 

NOTES AND PRECAUTIONS 

It must be emphasized that the various condi¬ 
tions explicitly detailed herein have been evolved 
after intensive study. Modifications to suit any 
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other laboratory are quite in order, but they must 
be rigorously tested before being incorporated into 
the procedure. 

General. Scrupulous care must be exercised to 
insure clean glassware. A detergent-soap mixture 
such as “Lakeseal” ^ is preferred for routine clean¬ 
ing. This solution is rinsed off with tap water fol¬ 
lowed by double-distilled water. Contamination, 
especially from iodine and mercury, must be 
guarded against. Since elemental iodine is so vola¬ 
tile and in such prevalent use as an antiseptic, this 
comprises the greatest hazard. Tincture of iodine 
must be avoided as an antiseptic on the skin of 
the patient before the sample is drawn and of any 
persons canning out the actual determination. If 
elemental iodine is being used in any chemical de¬ 
termination or histological procedure in the same 
laboratory, irregular and unpredictable contamina¬ 
tion is almost inevitable. It is thus best to devote 
an entire small room to the iodine work if de¬ 
pendable results are to be obtained. 

In contrast to this trouble which is usually avoid¬ 
able, once the patient has been administered any 
form of organic iodide, such as Lipiodol, Priodax, 
Skiodan, Diodrast or tetraiodophenolphthalein, 
binding of the iodine compound onto plasma pro¬ 
teins (11-13) renders the determination without 
value. Within a few hours, the PBI rises, often 
reaching a peak greater than 350 /igm. %. De¬ 
pending upon the nature and amount of the par¬ 
ticular substance plus the method of its adminis¬ 
tration, elevated PBI values have been observed 
for six months to three years in the absence of any 
genuine metabolic disorder (2, 14). No satisfac¬ 
tory method exists for separating these iodine-con¬ 
taining compounds from the true PBI, even the 
extraction of “thyroxine iodine" with butyl alco¬ 
hol (15). It is highly recommended that informa¬ 
tion as to this type of contamination be widely 
disseminated so that samples for PBI analysis will 
be draivn before rather than after a diagnostic pro¬ 
cedure using any organic iodide. 

1) Precipitation and •veashing of plasma pro¬ 
teins. The blood sample may be collected with an 
anticoagulant or may be allowed to clot. The ad¬ 
vantages of the former are speed in obtaining the 
plasma and a larger volume of fluid resulting, and 
of the latter that no foreign material need be added 

=> Obtainable from the Finger Lakes Chemical Co., Etna, 
N. Y. 


to the blood. No difference has been found be¬ 
tween plasma and serum PBI and the routine in 
this laboratory has been to use oxalated bottles pre¬ 
pared in advance by evaporating 0.1 cc. of 20^^ 
potassium oxalate solution in each. The labels 
should be distinctive to avoid exchange with bottles 
from other laboratories. If serum is to be used, 
a paraffined tube is advantageous to allow easy clot 
retraction. 

The procedure of washing the zinc proteinate 
precipitate by resuspension in distilled water and 
centrifugation has been found by both chemical 
and radioiodine tracer studies * to remove betiveen 
99.0 and 99.5% of the inorganic iodine present. 
At plasma inorganic I levels of 2 ^igm. % (for nor¬ 
mal humans) to 100 /igm. % (on some Lugol’s- 
treated patients), the residual amounts (about 
0.01 to 1.00 ;tgm. %) are not large enough to 
interfere. However, thyrotoxic patients being 
given five drops t.i.d. often are up to 300 /xgm. %, 
and one woman receiving 20 drops t.i.d. rose to 
1120 figm. %. Although it is of questionable thera¬ 
peutic value to use such extremely high iodine 
doses, the situation occasionally comes up and the 
laboratory- must constantly be on the lookout If 
aU iodine therapy is stopped at least four days prior 
to drawng a sample for PBI, the plasma inorgam'c 
iodide will return nearly to the normal level, so 
that three washings are adequate. If I*^^ uptake 
by the thyroid gland is also to be measured, an 
even longer period of time will be required. It 
is felt that this type of precaution is better than 
increasing the number of washings of the protein 
precipitate. 

2) Ashing.^ It does not appear necessary to 
take any elaborate precautions to insure absolutely 
even distribution of the protein-sodium carbonate 
suspension on the wall of each tube. However, it 
is desirable to avoid leaving the entire contents 
at the bottom of the tube, since this may lead to 

The P® used in this investigation was supplied by the 
Oak Ridge National Laboratory on allocation from the 
Isotopes Division, U. S.-Atomic Energj- Commission. 

* For the most consistent results possible, it Isas been 
found desirable to have a tnuSe furnace available for the 
exclusive use of the iodine laboratory. tVhile awaiting 
replacement of a defective relay on our furrjtcc, v.e at¬ 
tempted to share one in the institution’s water laboratory. 
Random contaminations immediately becam.e a seriv.:« 
problem until we could rct-am to cur own apparatus, 'al¬ 
though no source for tl-.e added iodide was ever 1 
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large bubble formation during the drying. Often 
such a bubble will rise through the entire tube, 
carrying ahead of it considerable protein material 
and causing a loss of PBI, 

The ashing time and temperature have been 
found not critical, variations from two to three 
hours and from 575° to 625° C. causing insignifi¬ 
cant differences in results. At temperatures above 
650° C., softening of the Pyrex tubes occurs as 
well as loss of iodine. Although the ash in the 
recommended temperature range is gray rather 
than white, the incineration is adequate to put all 
of the organic iodine into extractable inorganic 
form. Below 500° C., there are so many products 
of incomplete ashing that the acid solution is 
yellow and substances are extracted which give 
a very high "iodine” value. 

Each tube is used three or four times and then 
discarded in order to avoid excessive etching with 
possible loss of the sample. 

3) Dissolving iodide jrom ash. The efferves¬ 
cence when the hydrochloric acid reacts with the 
ash is highly desirable in carrying off hydrogen 
sulfide formed from the sulfur-containing amino 
acids. If hydrogen sulfide remains when the ceric 
sulfate is added, insoluble ceric sulfide precipitates. 
Under the conditions described, this situation has 
never been observed. 

4) Colorimetric determination of iodide present. 
All steps of this part of the procedure must be car¬ 
ried out with great care to reproduce accurately 
all conditions of volumes, time and temperature, 
since the measurement is made on a basis of iodide 
catalysis of a rate reaction. The actual conditions 
may be varied considerably, but those decided 
upon must be duplicated carefully from analysis 
to analysis if good agreement is to be had. This 
report has described the technique used at present 
in this laboratory on the experience of two years. 

All mixing of solutions in this last j)hase must 
be accomplished by some technique which avoids 
both contamination and loss of solution, such as 
twirling each tube between the hands, flicking 
the bottom of each tube with several fingers 
in succession, or rapidly inverting each tube. 
The inversion or "flipping” procedure is pre¬ 
ferred ; this is carried out by grasping the color¬ 
imeter tube close to the open end between the 
thumb and first finger. The tube is inverted by 
raising it over one’s head and then is rapidly re¬ 


turned. With a little practice one can achieve 
complete mixing of practically all miscible solu¬ 
tions in eight to 10 such inversions without losing 
a drop. This technique is especially valuable when 
the ceric sulfate solution must be mixed quickly 
and completely with the use of only one hand. 

The method described earlier for carrying out 
the calculation was devised in order to rule out 
any possible effect of substances remaining in the 
final acid solution from the ash. Many non¬ 
volatile compounds could conceivably be present 
in solution to alter the final colorimetric assay. 
Any such substance should affect the standard 0.04 
Mgm. of sodium iodide added to one aliquot as well 
as the unknown itself. Derivation of the computa- 


Cotavurrn 

Rtumkl 



Fig. 1. Method of Plotting Results for 
Calculation of PBI 


Initial colorimeter reading 


Tan < 1 = 


— final colorimeter reading 


Tan < 2 = 


This is an expression of the decolorization of the U 
sample.^ Since the assumption is being made that the 
decolorization is due entirely to I, 

Difference in colorimeter readings .. t* i 

—--^ = U ^lgm. 1 in sample 

ti 

Difference in colorimeter readings = U X ti 
In similar fashion: 

Di fference in colorimeter readings 
ta 

= U + 0.04 ^gm. I 

Difference in colorimeter readings = (U -f- 0.04 ligm. I)t 2 
Since the differences in colorimeter readings are identical, 
U X ti = (U -{- 0.04 tigm. I)t2 = Ut2 + 0.04 jugm. I X t2 
Uti — Ut 2 = 0.04 ;igm. I X t» 
t ; X 0.04 ngm. I 

tl ■— 

The unknown also includes any iodide present in the 
reagents and a blank must be carried through as described 
in order to correct U for the blank. 


U = 
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TABLE I 

Comparison of FBI methods on 57 clinical plasmas 


Patient 

plasma PBI 

1 

Patient 

Plasma PBI 

Incin. 

Distill. 

Dili. 

Incin. 

Distill. 

Diff, 


(U 

(2) 

(1-2) 


0) 

(2) 

(1-2) 

MR 

1.0 

1.1 

-0.1 

RS 

6.4 

6.8 

-0.4 

MN 

1.8 

1.6 

+0.2 

GM 

6.8 

7.4 

-0.6 

FMcE 

2.2 

2.2 

0.0 

OB 

6.9 

7.0 

-0.1 

DD 

2.4 

2.2 

+0.2 

EC 

7.6 

8.4 

-0.8 

JS 

2.8 

2.5 

+0.3 

WM 

7.8 

7.4 

+0.4 

LP 

3.0 

2.2 

+0.8 

SY 

9.1 

9.5 

-0.4 

WM 

3.3 

2.8 

+0.5 

EG 

9.5 

8.8 

-0.7 

JP 

4.2 

3.8 

+0.4 

JW 

9.8 

9.3 

+0.5 

KF 

4.3 

5.6 

-1.3 

VS 

9.8 

9.9 

-0.1 

MB 

4.3 

4.2 

+0.1 

AK 

9.9 

8.1 

+ 1.8 

ED 

4.4 

3.4 

+ 1.0 

EB 

10.0 

13.2 

-3.2 

HC 

4.4 

4.2 

+0.2 

SM 

10.5 

10.0 

+0.5 

TH 

4.4 

4.4 

0.0 

HB 

11.1 

12.3 

-1.2 

LB 

4.4 

4.6 

-0.2 

JW 

11.4 

10.1 

+1.3 

ID 

4.4 

4.8 

-0.4 

AB 

12.0 

9,0 

+3.0 

JM 

4.6 

3.7 

+0.9 

JZ 

12.5 

18,9 

-6,4 

OW 

4.6 

4.9 

-0.3 

JT 

13.5 

12.9 


CS 

4.8 

4.0 

+0.8 

JH 

14.9 

13.8 

+1.1 

NP 

4.8 

4.1 

+0.7 

JB 

IS.5 

15.7 

-0,2 

GK 

4.9 

3.6 

+1.3 

JR 

IS.S 

16.0 

-0.S 

EK 

5.0 

4.8 

+0.2 

JZ 

16.0 

17.8 

-1.8 

CM 

S.l 

4.6 

+0.5 

SY 

16.2 

16.7 

-0.5 

RM 

5.3 

6.2 

-0.9 

DR 

19.5 

16.4 

+3.1 

JS 

S.S 

4.5 

+ L0 

IB 

19.9 

17.9 

+2.0 

LP 

5.5 

6.0 

-0,5 

ST 

21.3 

20.4 

+0,9 

BT 

5.6 

4.4 

-1.2 

FF 

21.5 

28.0 

-6.5 

LN 

5.7 

4.9 

-0.8 

JE 

27,8 

26.3 

+1.5 

ES 

5.9 

4.7 

+1.2 

RQ 

34.9 

36.4 

-1.5 

MH 

5.9 

S.d 

+0.3 






x’ = degrees of freedom 

Therefore, there is much greater than 99% probability 
that the results are the same. 


tion formula using the 0, 6 and 12 minute read¬ 
ings is contained in the detailed heading accom¬ 
panying Figure 1. Table I summarizes a series 
of 57 comparisons which -we have carried out on 
duplicate clinical plasma samples bett\-een this FBI 
procedure and the distillation technique described 
some time ago (16). A comparison of means 
would have little significance because of the wide 
range of PBI values (1 to 35 figm. %>). Chi 
square analysis of the results was therefore car¬ 
ried out and shows clearly that there is no sig¬ 
nificant difference between the two series. 

That the unorthodox procedure of manipulation 
of the decolorization readings does not itself in¬ 
troduce a significant error when carefulh' done is 
demonstrated by 43 plottings of the identical 
colorimeter data carried out in the course of com¬ 
municating the details of this procedure to inter¬ 
ested laboratories. The mean of the calculations 
of the amount of iodine per colorimeter tube was 


0.0386 /igm., ■ndth a standard deviation of 0.0004. 
Similarly good agreement has been obtained when 
different persons have plotted out the same 
colorimeter readings. 

The customary method of calculating by setting 
up a curve of standards and interpreting colorim¬ 
eter readings of unknown solutions from this 
curve is much simpler, but suffers from the pos¬ 
sibility of the presence of some substance which 
would enhance the decolorization or interfere with 
it. The two methods of computation have been 
compared on several series of clinical samples ; the 
standard cuiwe technique was consistently higher, 
by 0.8 /xgm. % using the 6-minute readings and 
1.3 pgm. % using 12-minute readings. Recovery' of 
the added 0.04 figm. of standard iodide was 99.3% 
and 100.0respectively. No basis for this dif¬ 
ference can be offered at present. It is obvious 
that use of the simpler form of calculation will 
necessitate upward revision of the values to be 
considered normal by about 1 figm, %. 

RECOVERY OF ADDED IODINE 

As a test of the ability of the procedure to de¬ 
termine known amounts of iodine, standardized 
amounts of sodium iodide, thyroxine and thyro- 
globulin were added in triplicate to tubes con¬ 
taining precipitated and washed plasma proteins. 
Drying, ashing, HCI and H-SO^ elution and 
colorimetric determination of iodide present then 
followed. The results, shown in Table II, dem¬ 
onstrate adequate recovery of these substances in 
physiologically important amounts. 


TABLE II 

Recovery of iodine-containing substances added to 
precipitated and scashed proteins 


j 

Sabftance j 

AiTiOnnt I 
added j 

Amry^nt I 
fcccp.'trrd 

1 

1‘tn. tc 

Te 

Nal 

2.0 

97.5 


4.5 

99.0 


5.0 

10S.9 


10.0 

101.6 


20.0 

102.3 

Thyroxine 

3.6 

90.6 


OS.O 


10.0 1 

96 S 

ThjToglobulin ! 

2j 

90.9 

! 

5.0 

107+ 

1 

15.0 

i 

94.2 
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RESULTS WITH THE DETERMINATION 

This procedure has been available to the staff of 
the University Hospitals for nearly two years. On 
the basis of the first year’s experience, the tech¬ 
nique was extensively revised during the summer 
of 1949. In the year since that time, 942 deter¬ 
minations have been carried out on 694 patients; 
the distribution of these is shown in Figure 2. A 

/Ve. OF 
Curs 



Fig. 2. Distribution of One Year’s Determinations 
OF FBI ON Clinical Plasma Samples 
In all, 942 results were obtained, but SO values above 
14 Mgm. % have been omitted from the chart, since these 
were scattered up to 45 /tgm. %. 

clustering of values between 3 and 7 /igm. % is 
apparent, but no sharp separations are present be¬ 
tween “normal” and either hypo- or hyperthyroid 
individuals. From a physiological standpoint, 
such overlapping would be expected on the basis 
of all studies of normalcy. From the clinical point 
of view, it is important to establish some limits be¬ 
yond which thyroid dysfunction can reasonably 
by expected. 

In order to accomplish this, a group of samples 
has been assembled in Table III from medical 


TABLE in 

FBI values on 68 euthyroid subjects 


Subjects 

BMR 

PBI 

Range 

Mean 

Range 

<r 

40 Medical students 

28 Miscellaneous 
Entire series of 68 

-M5to -IS 
unknown 

MSm. % 

5.1 

5.1 

5.1 

fiitn. % 

3.4-8.0 

3.6-6.6 

3.4-8.0 

1.12 

0.79 

1,00 


students, resident staff, technicians and faculty, 
each person overtly appearing to be euthyroid. 
The table shows that a range of FBI values from 

3.4 to 8.0 /igm. ^/o, with a mean of 5.1, was obtained 

on 40 medical students who had BMR’s between 
— 15 and -f 15. A smaller group of 27 appar¬ 
ently normal individuals (staff, visitors, etc.) gave 
an identical mean, although no basal metabolism 
values were available for standardization. In view 
of these findings, it is probable that the range of 
normal, usually considered to be 4.0 to 8.0 /^gm. 
%, must be extended downwards to 3.5 /igm. %. 
This conclusion is, of course, based partially on 
acceptance of the validity of the BMR. Since the 
usual error in this determination is on the plus 
side, one might argue that this error had operated 
in the three subjects whose FBI values were 
below 3.9 /jgm. % actually should 

be considered myxedematous. No answer to this 
is possible, except that no genuine symptoms of 
hypothyroidism were apparent in any of these in¬ 
dividuals. It will require a great many carefully 
controlled determinations in the borderline FBI 
zone of 3,5-4.0 to settle this physiological as well 
as chemical problem. 

It is highly possible that the upper limit should 
be 7.5, bringing the entire euthyroid group close 
to the range of 3.5-7.0 /^gm. % as suggested by 
Riggs (2). The problems of overlap, as far as the 
FBI is involved, seem to be intensified in the 
lower, myxedema, portion, with very few euthy¬ 
roid individuals above 7.5 or thyrotoxic below 

8.5 /igm. %. 

The histories on 86 of the patients on whom 
plasma FBI’s had been run also contained results 
of BMR and uptake determinations. The 
data for FBI and BMR have been plotted in Fig¬ 
ure 3, together with the overall clinical evaluation 
of each patient, proven by surgery, pathology or 
therapeutic response. The area between a BMR 
of -f 15 and — 15 and between 3.5 and 8.0 for 
FBI has been marked off as normal. It can be 
seen that one value in the myxedema group would 
be considered normal (at 3.5 ^gm, %), one thyro¬ 
toxic was well in the normal range, and one very 
high value (14.3 /tgm. was obtained on a sub¬ 
ject with a non-toxic, diffusely enlarged goiter. 
In contrast, several BMR determinations in each 
category were at considerable variance with the 
general clinical opinion. The greater reliability 
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Fig. 3. CoirPASisoN of FBI, BMR and Entire Cunical Evaluation of 86 PAHEins 
The 12 values represented by hollow squares were performed on previously tbjTo- 
toxic subjects, following successful management with surgery, I“, or propylthiouracil. 
All patients had been on therapy at least one month, which should be an adequate length 
of time for the metabolic rate to return to normal (17). 


of the FBI over the BMR has previously been 
noted by several investigators (2, 3, 18) and may 
be attributed, at least in part, to the greater objec¬ 
tivity of the chemical determination. 

In discussing the advantages of this procedure, 
it may simply be stated that, in general, distillation 
techniques, although having a wider application 
because of greater flexibility, require such close at¬ 
tention during the digestion and distillation steps 
as to be poorly suited for routine clinical evalua¬ 
tion. On the other hand, incineration can be au¬ 
tomatically regulated, making the final colorimetry 
the only stage requiring personal concentration. 
No attempt has been made in this laboratory to 
determine the maximum number of determinations 
possible per day, since successful routine analysis 
depends much more upon consistent performance 
week after week. It may conservatively be esti¬ 
mated that 15-20 samples can be analyzed in du¬ 
plicate ever}' two days by a single individual. 

SUMSr.ARY 

1. A method has been presented for determina¬ 
tion of plasma or scrum protein-bound iodine 


(FBI) using high-temperature incineration in the 
presence of alkali. The distillation step, requiring 
close individual attention, has been eliminated. 
The final determination of inorganic iodide is 
performed colorimetrically by measuring the cataly¬ 
sis of arsenious acid decolorization of a ceric sul¬ 
fate solution. 

2. Data are given for considering the range of 
normal to be 3.5 to 8 /^gm. 

3. Examination of two 3'ears’ experience with 
this FBI analysis shows it to be an objective test 
of greater dependability than the BMR. 
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INTEODUCTION 

It has long been known that when a man stands 
motionless, urine flow (1-13) and the excretion 
of chloride (2, 3, 5, 7, 11) and of sodium (5, 13) 
decrease markedly. Simultaneously, the plasma 
contracts in volume and increases in concentration 
(8, 10, 14-17), while the blood flow through the 
kidneys (9, 10, 18, 19) and other abdominal vis¬ 
cera (20) diminishes, and the rate of glomerular 
filtration of plasma and its contained sodium is re¬ 
duced (6, 9, 10, 13, 18, 21). 

There is some evidence that release of the pos¬ 
terior pituitary antidiuretic hormone may he re¬ 
sponsible for the retention of water (11) but the 
mechanism of the retention of sodium and the 
stimulus or stimuli initiating it remain obscure. 
Some renal physiologists would place greatest em¬ 
phasis on the reduction in glomerular filtration 
rate which occurs during standing, and the result¬ 
ing decreased load of sodium presented to the tu¬ 
bules (5, 22, 23). It is not likely that an increase 
in the renal venous pressure (24, 25) plays an im¬ 
portant role in the antidiuresis of quiet standing, 
because w*hen a subject is tilted from the supine 
to the erect position, pressure in the inferior vena 
cava at the level of the kidneys does not rise to the 
level reported by Blake and associates (25) to 
cause a reduction in the urine flow, and the renal 
arterio-venous pressure gradient does not change 
materially (26), 
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American Federation for Qinical Research, May, 1950. 

2 Captain, M. C., U. S. A, 

* Scholar in Medical Science, The John and Mary R. 
bfarklc Foundation. 

* During tenure as James Hudson Brown Research 
Fellow, Yale University School of Medicine. 

“ During tenure as Fellow in the Medical Sciences, 
National Research Council. Present address; Evans 
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It has also been suggested that the reduction of 
total blood volume initiates a chain of events which 
culminates in decreased excretion of sodium (27- 
29). This might be accomplished through changes 
in glomerular filtration and/or tubular reabsorp¬ 
tion of sodium. Some workers believe that this 
mechanism may operate in such diverse situations 
as hemorrhage, hypoproteinemic edema and con¬ 
gestive heart failure, as well as in quiet standing 
(28, 30), 

The present studies were undertaken to investi¬ 
gate the relationship of changes in total plasma 
volume and glomerular filtration rate to the renal 
excretion of sodium during quiet standing. 

METHODS 

All subjects were healthy young men, presumably able 
to empty their bladders without catheterization. Rela¬ 
tively high urine flows and long periods minimized any 
errors in collection. A fairly constant rate of excretion 
of sodium was achieved by the ingestion of 200 ml. of 
hypotonic (02%) saline solution per hour for several 
hours (31), and by preliminary rest supine in bed for 
at least one hour, before observations were begun. Sub¬ 
jects continued to drink saline at the same rate during 
the experimental period. In five e.xperimcnts (Nos. 1, 
10, 11, 13, 14) the glomerular filtration r’.as estimated 
from the clearance of mannitol, using the single injection 
method with a failing plasma concentration (32). Pre¬ 
vious observations had demonstrated that one could main¬ 
tain a constant diuresis of salt and water for several hoars 
under these conditions (33). In si.x cases fNos. 4-6, 8, 9, 
15) a constant infusion of mannitol was used, and in the 
remaining experiments a constant infusion of inalin. 
Renal plasma flow was calculated from the clearance of 
sodium para-amir.ohippuratc administered as a constant 
infusion in normal saline. Mannitol in serum and urine 
was analyzed by tl-.e rnethod of Smith (34), medi.fitd .ac¬ 
cording to Elldnton (33). Inulir. and para-amino'np- 
purate were determined usinc methods described by Gold- 
ring and Chasis (ad). Concentrations c; sodium in serum 
and uri.ne svere measured v.it'! a flame ; hntometer. 
Acute changes in plasma volume (PV) ••••ere calculated 
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TABLE I 

Changes in sodium excretion, plasma volume and renal function with quiet standing 


Experi¬ 
ment 
no. and 
subject 

Period 

Dura¬ 

tion 

Urine 

flow 

Sodium 

excretion 

Mannitol 

clearance 

Inulln 

clearance 

AvcniKc 

scrum 

Na 

Sodium 

filtered 

-p- Na 

% Change 
in plasma 
volume 
from 
control 

PAH 

clearance 

Mannitol 

excreted 

1 

ERP 

1-supine 

min, 

67 

ml.lmin. 

4.18 

mEQ.Imin. 
Per 1.73 ml 

0.159 

ml.lmin. 
per 1.73 

85.6 

ml.lmin. 
per 1773 m* 


mEQ.Imin. 
per 1.73 

11.5 

■ 

0 

ml.lmin. 
per 1.73 ml 

millmin. 

0.43 

2-standing 

60 

1.97 

0.0714 

76.0 

— 

■Mil 

10.21 

itAlII/J 

-13 

— 

0.25 

3-supine 

61 

0.74 

0.0197 

61.3 

— 

136.5 

8.27 


- 4 

— 

0.14 


1-supine 

30 

8.1 

0.266 

_ 

108.3 

144.0 

15.5 

0.017 

0 

599 


2 

2-supine 

32 

5.0 

0.305 

— 

99.4 

144.5 

14.3 

0.021 

- 6 

556 

— 

FHE 

3-standing 

25 

1.6 

0.218 

— 

85.0 

145.0 

12.2 

0.018 

-10 

526 

— 


4-supine 

38 

2.4 

0.252 

— 

86.0 

144.5 

12.3 

0.020 

- 8 

589 

— 


1-supine 

30 

3.90 

0.181 

— 

— 

— 

-- 

_ 

— 

722 

— 


2-supine 

30 

3.93 


— 

— 

— 

— 

— 

0 

585 

— 

3 

3-standing 

30 

1.55 


— 

— 

— 

— 

— 

— 

526 

— 

ASR 

4-standing 

30 

0.57 

0.073 

— 

— 

— 

— 

— 

- 7 

548 

— 


5-supine 

30 

0.77 

0.081 

— 

— 

— 

— 

— 

— 

743 

— 


6-supine 

31 

1.16 

0.090 


— 


““ 


0 

787 

' 


* Sodium excreted 
Sodium filtered 


from changes in the hemoglobin (Hgb) and hemato¬ 
crit (Hct) of venous blood drawn without stasis, using 
formula: 

PV 2 Hgbx ,, 1 - Hctr 

PVi “ Hgbj ^ 1 - Hcti ’ 

where the numbers in subscript indicate the values at the 
beginning and the end of a given period, respectively. 
Samples of blood for analysis were drawn at the be¬ 
ginning and at the end of each clearance period. The rate 
of filtration of sodium was calculated as the product of 
the average concentration of serum sodium and glomeru¬ 
lar filtration rate, corrected for an assumed serum water 


concentration of .93 and a Donnan factor for sodium 
of 0.95. The fraction of filtered sodium rejected by the 
tubules and appearing in the urine was calculated as the 
fraction: 


Na excreted 
Na filtered ’ 


(E/F Na). 


RESULTS 

Quiet Standing Alone {Table I) : 

In three subjects the renal effects of standing 
quietly for 25 to 60 minutes were quite typical of 


QUIET STANDING 


E R.R 



Fig. 1. Effect of One Hour of Quiet Standing 
Note prolonged antidiuresis and the reduction in sodium excretion, associ¬ 
ated with a sigpiificant contraction of plasma volume. 
















































STUDIES OF THE ANTIDIURESIS OF QUIET STANDING 


65 


TABLE U 


Effect of infusions of serum albumih during quiet standing 


Expert' 
ment 
no« and 
subject 

Period 

Q9 

Urine 

flow 

Sodium 

excretion 

Mannitol 

dearance 

Inulin 

clearance 

Average 

Eerum 

Na 

{ Sodium 
j filtered 

SNa 

jj. 1 

i 

% Change 
in plasma 
volume 
from 

control j 

PAH 

clearance 

Sfannitol 

excreted 


1-supine 

min, 

57 

ml.lmtn. 

9.39 

mEj.fmtn. 

1 per 1.73 »n’ 

0.150 

mUlmin, 

1 per m* 

86.5 

; ml.lmln. 
iper 1.73 

jbEj./D 

132.5 

mEq.fmin, 
per 1J3 jn* 

11.4 i 


0 

trJ.lmiit. 
per 1.73 m* 

524 

mix (min, 
0.52 


2-standing 

49 

4.59 

0.103 

79.6 

— 

134.7 


DWHil 

-f 6 

474 

0.43 

4 

GO 

300 ml. 25% 
albumin in 

34 min. 
3-supine 

41 

4.15 

0.043 

73.4 

—— 

135.9 

9.9 

0.004 

+26 

528 

0.37 


1- supine 

2- standing 

33 

5.15 

0.223 

79.0 

— 

141.2 

11.0 


0 

498 

0.53 


i 44 

4.54 

0.194 

72.0 

— 

139.6 

10.0 

EE&I 

+ 4 

479 

0.52 

5 

IT 

750 ml. 4% 
albumin in 

34 min. 
3-standing 

1 

i 

38 

2.71 

0.012 

68.3 

_ 

138.9 

9.4 

0.012 

+ 3 

462 

0.54 


1-supine 

35 

3.51 


92.0 

— 

-- 

12.9t 


0 

_ 

0.52 


2-supine 

33 

5.24 


97.0 

— 

— 

13.6 


0 

— 

0.56 


3-standing 

37 

3.51 

0.208 ' 

82.3 

— 

— 

11.5 

0.018 

+ 3 

— 

0.47 

6 

ASR 

750 ml. 4% 
albumin in 

30 min. 

4- stand)ng 

5- supine 

32 

2.75 

0.182 

84.5 



11.8 

0.015 

+ 7 


! 0.48 


37 

1.76 

0.099 

74.5 i 

1 


— 


0.010 

-fio 

— 

0.42 


1-supine 

25 




96 

145.8 

13.9 

0.032 

0 

625 



2-supine 

32 

Kin 


— 

92 

145.0 

13.2 

nm-ui 

+ 4 

642 

— 


3-supine 

30 

n n 

KiirSiiB 

— 

90 

144.5 

12.9 

0.039 

+ 6 

675 

— 

7 

4-standtng 

42 

2.02 

wV ilil 

— 

83 

145.0 

11.9 

0.020 

+ 7 

578 

— 

FEE 

750 ml. 4% 
albumin in 
35 min. 
5-standing 

32 

1.41 

0.109 

— 

99.5 

144.8 

14.3 

0.008 

-fis 

730 

! 


* Sodium excreted 
Sodium filtered 

t Serum concentration of Na assumed to be 140 mEq./L. 


those described by others (Figure 1). Renal 
plasma flow, the filtration and excretion of water 
and sodium, and the tubular rejection of sodium 
(E/F Na) all decreased. These changes lasted 
for some time after resumption of the supine posi¬ 
tion. Plasma volume decreased by 4 to 13^0, 
but [as previously reported for serum chloride 
and bicarbonate (14)] the concentration of serum 
sodium did not change significantly. 

Quiet Standing xuith Albumin Infusion (Tabic IT) : 

To determine whether this sequence of events 
would be altered if the contraction of plasma vol¬ 
ume were prevented, four subjects were given infu¬ 
sions of salt-poor human serum albumin * when 
they stood up. In three experiments, 750 ml. of 

* Scrum albumin used in this study was prepared ^by 
the American Red Cross from blood of volunteer donors. 
The conclusions arc Uwse of the authors and do not 


isosmotic albumin (^fa solution in normal saline) 
were infused, while in one case, 300 ml. of a 25% 
solution were injected. The infusions were given 
over a period of 30 to 35 minutes. A typical result 
is shown in Figure 2. Although in all cases total 
plasma volume increased slightly, in no instance 
was the antidiuresis of salt and water, which ordi¬ 
narily accompanies quiet standing, prevented; and 
in every case a fall in the glomerular filtration of 
sodium and in E/F Na occurred. In experiment 
7 (Figure 2), the excretion of sodium continued 
to decline during the last period despite an incrc.asc 
above control levels in both plasma volume and 
filtered sodium. Changes in renal plasma How 
tended to parallel changes fn the rate of glomeru¬ 
lar filtration. 

necessarily reflect the policy of the Itatlonal Blood Pro- 
gram of the American Red Cross. 
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QUIET STANDING WITH 750cc. 4% ALBUMIN 



Fig. 2 

Albumin infusion prevented the expected contraction of plasma volume 
during the period of quiet standing, but did not prevent the usual anti¬ 
diuresis. Note that excretion of sodium and water continued to fall in the 
last period, although the rate of sodium filtration increased. 


Effects of Infusions of Hypertonic Saline {Tables 
in and IV) : 

It is well known that the sodium diuresis follow¬ 
ing infusions of hypertonic saline is accompanied 
by an increase in the concentration of sodium in 


the serum and expansion of the volume of the 
plasma and extracellular fluid. In two experi¬ 
ments (Table III), infusions of hypertonic saline 
(6%) given to recumbent subjects sharply aug¬ 
mented the excretion of sodium, with (No. 9) or 


TABLE in 


Effect of rapid infusions of hypertonic sodium chloride in supine subjects 


Experi¬ 

ment 

Period 

Dura- 

Urine 

Sodium 

Mannitol 

InuUn 

Average 

Sodium 

F Na 

% Change 
in plasma 
volume 
from 
control 

PAH 

Mannitol 

no. and 
subject 

tion 

flow 

e.xcretion 

clearance 

clearance 

Na 

filtered 

clearance 

excreted 





mEq./ntin. 

ml.lmin. 

ml.lmin. 


mEq.lmin. 



ml.lmin. 

mMImin. 



min. 

ml.lmin. 

per J.73 

per 1.73 w* 

per 1.73 m’ 

mEq.lL 

per 1.73 



per 1.73 m^ 


1-supine 

39 

7.3 

0.224 

119 

— 

132.0 

15.55 

0.014 

— 

485 

0.62 


2-supine 

62 

9.2 

0.282 

129 

— 

135.9 

17.35 

0.016 

— 

536 

0.68 

8 

McG 

3-supine 

47 

6.6 

0.870 

120 

— 

141,6 

16.94 

0.051 

— 

444 

0.62 

400 ml. 6% 
saline in 













23 min. 
4-supine 

48 

7.4 

1.11 

118 

— 

143.8 

16.80 

0.066 

— 

— 

0.62 


1-supine 

40 

7.13 

0.135 

120 

- 

131.7 

15.65 

0.009 

— 

636 

0.48 


2- supine 

3- supine 

39 

10.40 

0.125 

107 

-- 

133.5 

14.14 

0.009 

— 

651 

0.43 

o 

52 

3.75 

0.287 

116 

— 

139.0 

15.95 

0.018 

— 

725 

0.47 

y 

BR 

400 mb 6% 
saline in 













39 min. 
4-supine 

34 

3.92 

0.520 

128 

— 

141.7 

17.95 

0.029 

— 

902 

0.52 


* Sodium excreted 
Sodium filtered 
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TABLE IV 

Effect of infusions of hypertonic sodium chloride during quiet standing 


Eiperi- 






I 




% Change 



Period 



Sodium 

Mannitol 

InuUn 

Average 

Sodium 

E*x- 

in plasma 
volume 

PAH 

Mannitol 

no. and 

tion 

flow 

excretioB 

clearance 

cJeaiancc 

1 

filtered 


clearance 

excreted 

subject 









control 







mEq.lmin. 

ml.lmin. 

vd.tmxn. 

1 

mE^.fL \ 




vd.fmin. 

mlllmin. 



min. 

ml.fmtn. 

per 1,73 

per 133 

per 133 tn* 

per 133 m* 



per 133 


I'supine 

2-standing 

49 

3.27 

0.296 

108.0 

— 

140.5 

14.95 

lltllft « 

0 

— 

0.31 


55 

1.36 

0.053 

70.6 

— 

136.5 1 



-21 

— 

0.18 

10 

3-standing 

63 

0.75 

0.023 

64.9 

— 

142.0 j 


ISSSlia 


—. 

0.14 

ASR 

400 ml. 3% 

saline in 

30 min. 




i 

1 

i 

1 







I'SUpine 

50 

4.00 

0.438 

I 88.3 

— 1 

137.2 i 

12.1 

0.036 

— 

— 

0.50 


2-standing 

75 

2.37 

0.266 

67.0 

— 

142.0 

9.5 

0.028 

— 

—. 

0.23 

11 

400 ml. 4% 












ERP 

saline in 

25 min. 




i 

i 


i 

j 

10.9 

0.029 



0.13 


3-supine 

51 

2.12 

0.315 

77.0 

— 

141.9 

'- 



1- supine 

2- supine 

31 

4.68 

0.499 

' _ 

97.0 

146.0 

14.05 

0.035 

0 1 

646 

— 


39 

5.57 

0.554 

— 

94.0 

145.6 

13.58 

0.040 

- 1 1 

638 1 

— 

12 

3-standing 

45 

2.04 

0.443 

— 

88.0 

149.7 

13.05 

0.034 

0 

652 

— 

400 ml. 6% 












FHE 

saline in 

35 min. 




1 

\ 


152.1 

12.53 

i 

0.035 


584 



4-standing 

30,5 

1 

1.72 

0.439 

— 

83.0 1 

0 1 



1 1-supine 
2-standing j 

48 1 

5.10 

0.666 

98.0 

] 

136.5 

13.3 

0.050 

— 

— 

0.28 


71 1 

3.66 

0.622 

74.5 

- j 

143.0 

10.6 

0.059 

— 

— 

0.21 

13 

AVG 

400 ml. 6% ! 
saline in 





j 







25 min. 
3-standing 

55 

2.18 

0.412 

49.0 


143.5 

7.0 

0.059 

— 


0.20 



1-supine 

54 

5.65 


94.5 

_ 

139.1 

13.1 

0.046 

,— 

— 

0.54 


2-standing 

63 

4.92 


86.3 

— 

146.5 

1 12.6 

0.059 

— 

— 

0.32 

14 

400 ml. 6% 



1 




1 





FHE 

saline in 

37 min. 









! 

1 



3-supine 

53 

4.15 

1.00 

97.8 

1 

152.5 

14.9 

0.067 

— 

— 

0.24 


l-supine 

40 

2.50 

0.210 


_ 

138.9 


0.015 

0 


0.62 


2-suplne 

44 

3.07 


99.0 

— 

137.6 



0 

432 

0.55 

15 

3-standing 

41 

4.83 

0.468 ’ 

92.0 

— 

140.0 

12.80 


-hl6 

522 

0.49 

400 ml. 6% 







613 


DM 

saline in 

26 min. 













4-standing 

39 

2.82 

0.356 

100.0 

— 

145.1 

i 14.40 

0.025 

-fll 

437 

0.50 

- 

I-supine 

30 

3.80 

ni 

_ 

100. 


16.60 

0.014 

0 

774 



2-supine 

31 

3.64 

0.259 

— 

89. 


14.70 

0.020 

- 2.5 

697 

— 

16 

S-standing 

45 

3.04 


_ 

105. 

153.5 

18.30 

0.033 

-MS 

865 


400 mi. 









ASR 

saline in 

40 min. 




1 









4-standing 

29 

3.80 

0.852 

- i 

lOS. 

157.0 

19.1 

0.051 

-M7 

940 

— 


* Sodium excreted 
Sodium filtered * 


without (No. 8) increasing appreciably the glo¬ 
merular filtration of sodium or the renal plasma 
flow. In seven other e.\'periments (Table IV), 
therefore, the hj’pertonic saline was infused during 
a period of standing, in an attempt to obser%-e how 


the plasma volume, the concentration of sodium in 
the serum, and the rate o: glomerular fjitration of 
sodium were related to the c-xcrction of sodium 
when large loads o: salt ■were administered to 
subjects assuming the erect posture. 
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bumin. However, it must be emphasized that 
such infusions control only the toted volume of the 
circulating blood and do not necessarily alter its 
distribution during quiet standing. Blood pooled 
in certain peripheral areas may not contribute to 
the effectiveness of the circulation, and in this 
sense the “effective blood volume” (42) may be 
reduced even when the total blood volume remains 
unchanged. Standing erect decreases both the 
total and effective volumes of the circulation by 
increasing the capillary filtration and the pooling 
of blood in the limbs. When these disturbances 
are minimized by immersing the body in water up 
to the level of the heart or by applying pneumatic 
occluding cuffs to the legs, the antidiuresis of the 
erect posture is modified (8, 12). It would seem, 
therefore, that if the kidneys react to changes in 
some function of the volume of the circulating 
blood when a man stands erect, they must react 
more to changes in its effective distribution than 
in its total volume. 

The view that the antidiuresis of quiet standing 
is mediated primarily through a change in renal 
hemodynamics was first advanced by Hooker, who 
invoked the narrowed pulse pressure in the renal 
artery as a cause for diminished urine flow (4,43). 
White, Rosen, Fischer, and Wood (5) ascribed the 
increase in the excretion of water and electrolytes 
during recumbency mainly to an increase in glo¬ 
merular filtration rate. On the other hand, Ni and 
Rehberg (6), using the clearance of exogenous 
creatinine as a measure of filtration rate, came to 
the conclusion that postural changes in urine flow 
resulted from changes in both tubular reabsorption 
and glomerular filtration. In the present experi¬ 
ments, reductions in the urinary excretion of so¬ 
dium during quiet standing were usually accom¬ 
panied by significant alterations in both the filtra¬ 
tion rate and the tubular rejection fraction of so¬ 
dium (E/F Na). However, when infusions of 
. albumin and hypertonic saline were given to sub¬ 
jects standing erect, a fall in sodium excretion 
was not always accompanied by a fall in the glo¬ 
merular filtration of sodium (No. 7), nor did a 
small decrease in the filtration of sodium always 
result in diminished excretion of sodium (Nos. 14, 
15). 

These experiments appear to shed light on the 
nature of the renal response to loads of hypertonic 
saline, as well as to the upright posture. It has 


been suggested that the urinary excretion of so¬ 
dium is normally regulated through fluctuations 
in its glomerular filtration (22, 23, 44). Selkurt 
and Post (45) reported that when dogs are in¬ 
fused with hypertonic saline, the excretion of so¬ 
dium varies as the filtered load, and Dean and 
McCance (46) concluded that during hypertonic 
saline infusions in human subjects, “changes in 
glomerular filtration must underlie, and in part 
determine, the observed changes in urine flow.” 
It is therefore noteworthy that in experiments 8, 
14, and 15, when 6% saline was infused, the ex¬ 
cretion of sodium increased without a concomitant 
increase in filtered load (but not without an in¬ 
crease in plasma volume). 

The use of mannitol in these experiments may 
be questioned on the grounds that since excreted 
mannitol may sweep salt into the urine (22,44,47, 
48) sodium excretion might necessarily appear to 
be related to the excretion, and hence the filtration 
of mannitol. This consideration enhances the sig¬ 
nificance of such discordant changes in the filtra¬ 
tion and excretion of sodium as were observed in 
experiments 8, 14, and 15. Nevertheless, even 
under the strenuous conditions of these experi¬ 
ments it was difficult to change greatly the excre¬ 
tion of sodium in a direction opposite to simultane¬ 
ous changes in sodium filtration. This does not 
necessarily prove that excretion is dependent upon 
filtration, since they may both be related through 
a third controlling factor. 

Except in cases where the changes are very 
large, the errors inherent in present measurements 
of glomerular filtration prevent any accurate ap¬ 
portionment of responsibility to tubules or glo¬ 
meruli for alterations in sodium excretion. Each 
milliliter of glomerular filtrate contains approxi¬ 
mately 0.14 mEq. of sodium. An unavoidable 5^ 
error in the estimation of glomerular filtration may 
therefore involve as much as 1 mEq./min. of 
sodium. 

The renal response to salt loads is conditioned 
in part by the rise in concentration of sodium in 
the extracellular fluid. When infusions of h 3 q)er- 
tonic saline are given to thirsted subjects, the 
rate of sodium excretion rises, but drops sharply 
when the serum sodium is suddenly restored to 
normal by the ingestion of a large quantity of 
water (49). Some workers have concluded that 
when an infusion of hypertonic saline is given, 
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“changes in sodium excretion are invoked by dif¬ 
ferences between extracellular and intracellular 
osmotic pressures” (50). The present studies 
show that even when the concentration of sodium 
in the serum rises significantly, it is sometimes 
possible to prevent or reverse the usual renal 
response by standing upright. A similar effect 
from abdominal compression has been reported 
recently (51). 

The present data are consistent with the plural¬ 
istic view that alterations in both the composition 
and the effective distribution of the circulating 
plasma are important in initiating acute renal 
adjustments in sodium excretion. These adjust¬ 
ments may be accomplished by appropriate changes 
in the glomerular ffltration or the tubular reab¬ 
sorption of sodium, or both. 

CONCLUSIONS 

1. The antidiuretic reaction to standing does 
not require a contraction of the total plasma vol-. 
ume. 

2. It is possible to reverse this reaction by ad¬ 
ministration of hypertonic saline without increas¬ 
ing the rate at which sodium is filtered; but in so 
doing, the plasma volume is expanded. 

3. The renal response to sodium loads imder 
these conditions is not dependent solely upon 
alterations in the glomerular filtration of sodium 
or in the concentration of sodium in the serum. 
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INTRODUCTION 

There has been considerable discussion regard¬ 
ing the use of in clinical investigation, par¬ 
ticularly from the standpoint of retention in the 
body of a long lived (5600 years) radioactive iso¬ 
tope. There is evidence from animal investigations 
that following the intravenous injection of simple 
labeled compounds occurring in normal bio¬ 
chemical processes most of the radioactivity will be 
excreted as wdthin a few days (1-5), The 

rate of excretion in mice via the lungs and the 
rate of loss of from the soft tissues and bone 
when this isotope is administered as glycine-2-C^* 
has been determined; most of the radioactivity 
was eliminated in the breath in the first tivo days 
and the slowest tissue component was found to 
have a half time of approximately 10 days (6). 
There is no method available for extrapolation of 
these animal data to man. The present study was 
designed to measure the rate of pulmonary excre¬ 
tion of as when administered as glycine- 
2 - 0 *. 

METHODS 

Methyl labeled glycine was prepared by chlorination 
and amination of acetic acid-2-C'« and had a specific ac¬ 
tivity of 12.2 microcuries/mg. of glycine (7). A series 
of four patients was given approximately 100 microcuries 
of glycine-2-Ci* (8 mg.) intravenously in 10 ml. dis¬ 
tilled water for the purpose of the determination of the 
red blood cell life (8), since previous investigations with 
radio-iron had indicated that many patients with polycy¬ 
themia and chronic leukemia might have red blood cells 
with a shorter than normal life span (9). Frequent 
breath samples were taken bj' a device (see Figure 1) 
designed to collect the expired air in a rubber balloon 
for a measured period of time. The balloon was trans¬ 
ferred to a bubbler system (see Figure 2) and the ex¬ 
pired air drawn through a IN sodium h 3 'droxide solu¬ 
tion. The carbon dioxide thus absorbed was precipitated 
as BaCO, by NH,NO, and BaQ^ The barium carbonate 
was filtered, dried at 110° C and weighed to determine 

^ This work was supported in part by the Atomic Energy- 
Commission. 


the amount of CO. excreted per minute- The samples 
were counted -with a proportional counter® where the 
specific activity was greater than 10 dis./min./mg. BaCO,; 
those with a lower activity were measured in an ioniza¬ 
tion chamber. These instruments were calibrated with 
the current Oak Ridge C7‘ standard millicurie by specially 
prepared samples. 

Inasmuch as the rate of pulmonary excretion of O' 
when administered in this form was not known at the 
start of these studies, the patients were placed in an 
oxygen tent although no oxygen was supplied, so that the 
expired air -would pass through the soda-lime filter and 
thus absorb the carbon dioxide. In addition a vacuum 



Epxath Collection Afpaeatus 

(Note: not drawn to scale.) 

pump continually exhausted the air from inside the tent 
to the o-utside of the building. These precautions were 
maintained for approximately 36 hours. 

RESULTS 

Figure 3 shows the specific activity as a func¬ 
tion of time of the e.xpired carbon dio.xidc as 
BaCO.. The maximum specific activity o: the ex¬ 
pired breath occurred within the first hour follow¬ 
ing the injection. .A measurable amount o; radio- 

- Nccleometer—Manufactured by Ita-iistic-i Counter 
Laboratory, Chimgo, Ilii.-.ois. 
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Fig. 2. 

Apparatus for Carbon Dioxide Absorption 


activity was present within the first 10 minutes 
following the injection. Figure 4 shows the calcu¬ 
lated cumulative excretion as determined from 
the amount of COj excreted per minute and the 
rate constants obtained from Figure 1. 

The rate of excretion of when administered 
in this manner may be described in terms of three 
rate processes: the first having a half time of two 



Fig. 3. 

The Specific Activity of the Expired Breath as a 
Function of Time, in Patient 1, in Disinte¬ 
grations/Min./Mg. OF BaCOj 



Fig. 4. 

The Cumulative C” Excretion as C“ COj in Patient 1 
The cumulative excretion after the 24th day is not 
shown, but by the 45th day it will amount to approxi¬ 
mately 92 per cent of the injected dose. 

to four hours; the second, 16 to 40 hours; and the 
third, seven to 14 days. Table I shows the half 
times and the percentages of excreted through 
each of the three rate processes for the four 
patients. 

DISCUSSION 

The cumulative excretion of is so rapid 
that in Patient 1 at the end of one day approxi¬ 
mately 40 per cent has been eliminated by this 
route, and by the end of five days 60 per cent; by 
20 days, approximately 83 per cent (see Figure 
4). Furthermore, in all four patients by the end 
of 40 to 75 days there was no significant measur¬ 
able activity in the breath; i.e., less than 0.04 dis./ 


TABLE I 

The per cent of the administered dose excreted and half time 
for each of the three rate processes 


Patient 

Ti (1/2) 

Per 

cent 

T. (1/2) 

Per 

cent 

Ti (1/2) 

Per 

cent 

Total 
per cent 
excreted 

1 

hours 

3 

36 

hours 

31.2 

27 

hours 

223 


92 

2 

2.7 

32 

40 

13 

163 

38 

83 

3 

2.5 

13 

36 

21 

336 

52 

86 

4 

3.3 

22 

16 

17 

240 

49 

88 
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min./mg. BaCOs- It is probable that there is a 
slower component, the radioactivity of which could 
be detected by more sensitive methods (10, 11) ; 
however, this could represent only a small fractioii 
of the administered dose. 

The relation of these three different rate proc¬ 
esses to known biochemical processes is not known. 
However, the measurement of the uptake of O* 
in the plasma proteins and their turnover time 
suggests that the slowest component may repre¬ 
sent the rate constant for protein synthesis and 
turnover (12). 

The finding that the slowest measured rate of 
excretion is of the same order of magnitude in man 
as in mice should permit the extrapolation to man 
of animal investigations with similar labeled 
compounds. This may allow the use of such ani¬ 
mal data as the basis for the determination of the 
hazard of using in clinical investigation. In 
addition to the 83 to 92 per cent excreted via the 
lungs, some 5 per cent of the injected dose is ex¬ 
creted in the urine during the first 14 days, and 
a negligible amount in the feces (12). An ad¬ 
ditional 2 per cent is present in the red blood cells 
as hemoglobin and will not be eliminated until the 
red cells are destroyed at the end of approxi¬ 
mately 120 days in normals (8). 

Analysis of content of the tissues obtained 
at autopsy from Patient 3 shows that approxi¬ 
mately 10 per cent of the injected activity was still 
present in the tissues 106 days after administration 
of the labeled glycine. If this remaining activity is 
eliminated from the body by the lungs by a single 
first order rate process, the elimination half time 
for this component can be estimated by use of the 
equation N = 1.44 No T% where N (2.2 X lO’^ 
dis./min.) is equal to the total C“ to be excreted 
by this rate process and Nq is the zero time ex¬ 
trapolated value of the component. Nq can be 
estimated to be no greater than 120 dis./min. (0.05 
dis./min./mg. BaCO.) (2.4 X Iff* mg. BaCO,/ 
. min. breathing) since the effect of this component 
cannot be seen in the graph in Figure 3, which is 
typical of the four patients. 

As calculated in this manner, the half time is 
approximately 90 days. This represents the mini¬ 
mum value that this component could take since 
what is probably the maximum value for the zero 
time extrapolated \'alue of this component has 
been chosen. 


Sprinson and Rittenberg (13) have calculated 
that there is a protein turnover component in man 
with a half time of 158 days. The data presented 
here suggest that there is a C^* turnover com¬ 
ponent associated "with labeled glycine adminis¬ 
tration of at least 90 days, which is in fair coinci¬ 
dence with that of Sprinson and Rittenberg, con¬ 
sidering the assumptions made. 

Since approximately 90 per cent of the adminis¬ 
tered is rapidly eliminated by processes which 
can at the present time be measured directly, the 
radiation dose from the small fraction which is 
retained for a longer period is negligible at the 
present administered dosage level of 100 micro¬ 
curies, and thus there is no hazard involved in 
this use of C^*. FinaII)% it should be pointed out 
that even if there were no elimination of the ad¬ 
ministered O'*, 100 microcuries can still be con¬ 
sidered a safe tracer dose since it "will deliver on 
the average less than 0.006 r per day of radiation 
to the tissues. 

SUMMARY AND CONCLUSIONS 

1. The rate of excretion of O* via the lungs 
•when administered as Glycine-2-C''‘ in three pa¬ 
tients has been presented. 

2. This pulmonary excretion has been de¬ 
scribed in terms of three rate processes, the slowest 
of which has a half time of seven to 14 days. 

3. In 55 days approximately 83 to 92 per cent 
of the O* is excreted ria the lungs, 5 per cent 
via the urine, and 2 per cent is retained in the red 
blood cells during their life span. 

4. Autopsy data in Patient 3 suggests that 
there is at least a fourth component of breath ex¬ 
cretion with a half time of 90 days or greater. 

5. The lack of hazard involved in the use of O* 
in the manner described is discussed from the 
standpoints of rapid excretion of 90 per cent of 
the dose and retention of approximately 10 per cent 
in chemical compounds having a longer turnover 
time. 
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ADDENDUM 

Patient 1 (HI F.) is a 27 year o’d -.'.hite male v.ho has 
had chronic lymphatic Irukemia cf three years duration 
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and who at the time of these studies was in almost com¬ 
plete clinical remission. 

Patient 2 {H. M.) is a 52 year old white male with 
polycythemia vera of 12 years duration. At the time of 
these studies he was in hematological remission, but 
shortly thereafter began to relapse hematologically. 

Patient 3 {G. J.) was a 52 year old white female 
with chronic myelogenous leukemia of one year's dura¬ 
tion. At the time of these studies the white blood count 
was in the 300,000 range, the platelet count was 600,000 
and the red blood count 3.0 and the hemoglobin 6.9 grams. 
This patient pursued, despite treatment, a down hill 
course and expired in August 1950. 

Patient 4 {M. D.) is a 50 year old white female with 
polycythemia vera of 14 years duration. At the time of 
these studies the red blood count was 6.5, hemoglobin 15 
grams, white blood count 6,500, platelets 280,000. The 
patient has maintained this hematological picture until 
the present time. 
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The function of platelets in the clotting process 
is still a matter of controversy. In Moramtz’s 
classic formulation (1) the role of furnishing 
thromboplastin tvas attributed to them. Brink- 
hous, who agrees with this concept, has demon¬ 
strated that platelet-free, “quasi-hemophilic” 
plasma does not clot (2). According to him (2, 
3) the thromboplastin contained in platelets is set 
free during clotting through the action of a plasma 
factor functioning as a thrombocjiiolysin. The 
fundamental defect in hemophilia is thought to be 
a diminution or absence of this plasma factor. 
Other investigators (4, 5), however, have main.- 
tained that the quantities of thromboplastin found 
in platelets are too small to be of significance in 
coagulation. According to Quick (3, 6) they 
liberate an enayme, thromboplastinogenase, which 
interacts with the plasma factor, thromboplastino- 
gen, to form thromboplastin. Hemophilia again is 
interpreted to be a deficiency of the plasma factor, 
i.e., a lack of substrate for the platelet enzyme. 
Ware and associates (7) analyzed platelet extracts 
and found traces of thromboplastin, an accelerator 
analogous to serum Ac-globulin and a factor which 
enhances the action of thrombin on fibrinogen. 

During the study of t^vo patients with hemo¬ 
philia-like disease caused by circulating anticoagu¬ 
lants which seemed to inhibit either the formation 
or utilization of thromboplastin, we foimd (8) that 
a concentrated homogenate ^ of ground-up platelets 
was able to restore the markedly prolonged clot¬ 
ting times to normal. Quick and Stefanini (9) 
have suggested that in hemophilia-like disease the 
anticoagulant may inhibit the action of the platelet 
enzyme on the plasma thromboplastin precursor, 

Ruth Reader Fellow in Hematologj'. 
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and the acceleration of clotting observ'ed by us 
seemed to be attributable to an overcoming or 
neutralization of the anti-platelet enzyme factor by 
the extract. However, we observed a similar 
shortening of the coagulation time when such a 
concentrated platelet preparation was added to he¬ 
mophilic blood (8), which is deficient in plasma 
factor but has normal platelets. It was estab¬ 
lished that these extracts had definite thrombo- 
plastic activity, and the problem presented itself 
whether this could account for the noted effects. 
It was decided, therefore, to investigate and com¬ 
pare the action of platelet homogenates and dilu¬ 
tions of tissue thromboplastin on the clotting time 
and prothrombin consumption time of a group of 
patients with hemophilia. 

METHODS 

I) Preparation of Platelet Extract. 

A modification of the procedure described by Mann 
and colleagues (10) was employed. Citrated blood (one 
part of 1.34sodium citrate to four parts of whole blood) 
is collected with an ordinary' syringe and centrifuged 
soon after collection at 70O-S00 RPM for one half hour. 
The supernatant platelet-rich plasma is respun at the 
same speed for 15 minutes, removed from the few 
remaining red cells, and again centrifuged in Wasser- 
mann tubes at 3,000 RPM for 30 minutes. 

The platelets, which still may be contaminated with a 
few red and white cells, are found to form a sticln' pellet 
at the bottom of the tubes. The supernatant plasma is 
poured off and measured; the pellet is dislodged and 
broken up with a wooden applicator and shal'.en vigorously 
with a saline-citrate solution (0.1 cc. of sodium dtratc 
to 10 cc. of normal saline). The platelets are then sedi¬ 
mented again by centrifuging at 3,000 RPM for 10 
minutes. This process of washing is repeated three more 
times. After the final washing the platelets arc sus¬ 
pended in saline-citrate and fritu.'ated in a mortar for 
two to three minutes. The final volume of ll'.is sus¬ 
pension of ground-up platelets in saline-citrate is ad¬ 
justed so that 1 cc. of platelet homogenate corresponds 
to 10 cc. of origiraj plasma, care being taken to correct 
for the 20fo dilution of the plasma -.rith citrate. The 
platelet extract is then ready for use b-ut or. b; kept L-. 
the frozen state for 24 hours withm.*: lo's cf petener. 
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2) Prothrombin Time. 

Determinations were made with the one-stage metiiod 
of Quick, using a commercial preparation of thrombo¬ 
plastin (Maitine). Normal values range from 11 to 14 
seconds. 

3) Clotting Time. 

The Lee-White clotting time was done always in three 
test tubes (8 X 75 mm.) at room temperature. Values 
up to 20 minutes are considered to be normal (11). 
When the effect of various substances on the clotting time 
was tested, the material was placed first into each tube, 
1 cc. of blood then added, the tube inverted once, and the 
clotting time measured in the usual manner. 

4) Prothrombin Consumption Time. 

This test was performed by a slight modification of 
Quick’s (4) method. About 5 cc. of blood were drawn 
into an ordinary syringe with a silicone-coated needle by 
clean venipuncture and discarded. Then a blood sample 
for the test was collected in an iced, siliconized syringe 
through the same needle and centrifuged in iced, silicon¬ 
ized tubes at 1,700 RPM for 10 minutes. The plasma 
was tranferred in 1 cc. portions to uncoated tubes con¬ 
taining the substance whose effect on prothrombin con¬ 
sumption time was to be tested and allowed to clot 
at 37''C. One hour after coagulation the clot was 
rimmed and the tube centrifuged at 4,500 RPM for one 
minute. The prothrombin consumption time was deter¬ 
mined immediately using freshly prepared BaSOi-plasma 
as a source of fibrinogen. Normal values, in our hands, 
are above 17 seconds, signifying that more than 60% of the 
prothrombin activity has disappeared. Further determina¬ 
tions of prothrombin consumption time were made on 
the serum, which had been allowed to remain in contact 
with the clot at 37° C, at varying intervals up to one and 
one half hours. There is normally a progressive lengthen¬ 
ing of the prothrombin consumption time within this 
period. 

5) Preparation of Thromboplastin Dilutions. 

Thromboplastin (Maltine) was prepared as for the 
routine prothrombin time determination. The final 
thromboplastin solution was tested on normal oxalated 
plasma. When found to be satisfactory (prothrombin 
time of 11 to 14 seconds), the thromboplastin solution 


was diluted with normal saline until the desired concen¬ 
trations were obtained. 

RESULTS 

1) Determination of the Thromboplastic Activity 

of Platelet Extraets. 

The one-stage prothrombin time procedure of 
Quick was used as an index of the thromboplastic 
activity of platelet homogenates. 0.1 cc. of platelet 
extract and of increasing dilutions of thrombo¬ 
plastin were substituted for undiluted thrombo¬ 
plastin, and the "prothrombin times” determined 
on normal, oxalated plasmas in the usual manner. 
This comparison was performed separately for 
each platelet preparation, and their average throm¬ 
boplastic activity was found to be equivalent to 
that of a thromboplastin dilution of approximately 
1:800. Table I gives typical values obtained in 
such experiments with four different platelet 
extracts. 

2) Effect of Platelet Extracts on Clotting Time. 

Platelet extracts always were effective in short¬ 
ening the clotting times of the bloods of eight 
hemophiliacs (Table II). Although the amount of 
extract used in these experiments was usually 0.3 
cc., as little as 0.05 cc. was sufficient to bring the 
clotting times into the normal range in almost all 
instances. This effect cannot be attributed to con¬ 
tamination with either plasma or red cells, even 
though it has been shown that quantities of normal 
plasma as small as 0.001 cc., when added to 2 cc. 
of hemophilic blood, increase the rate of clotting 
considerably (12). When the clot-promoting 
ability of equal quantities of dilutions of fresh oxa¬ 
lated plasma,, triturated washed red cells, and plate¬ 
let extracts was compared, significant shortening 
of the clotting occurred only with the diluted plasma 


TABLE I 


Comparison of thromboplastic activity of platelet extracts and dilutions of thromboplastin on normal plasmas 




‘‘Prothrombla’’ 

time in seconds 



Subject A 

Subject B 

Subject C 

Subject D 

Thromboplastin (Maltine) undiluted 

12 

I3i 

12 

14 

Thromboplastin (Maltine) 1: 500 

63 

64 

61 

66 

Thromboplastin (Maltine) 1: 800 

75 

72 

— 

79 

Thromboplastin (Maltine) 1:1,000 

80 

81 

71 

94 

Thromboplastin (Maltine) 1:2,000 

93 

88 

85 

93 

Platelet extracts 

1 

74 

66 

74 

90 
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TABLE n 


Effect of plaiekt extracts and of thromboplastin dilutions on clotting times of hemophilic blood 



Effect of platelet extract 
(dotting times in minutes) 


Effect of throraboplaitin dHutioas 
(clotting times in minutes) 

r 

Patient 





Thromboplastin dilutioas 


BO. 

i 

Normal saline 

Platelet ertr. 

Normal 






0.3 cc. 

oa cc. 

oa cc. 

1:S00 

1:800 

1:1.000 

1:2,000 





oa cc. 

oa cc. 

03 cc. 

03 cc. 

1 

26J 

9 

23 

8 

8 

8 

11 

2 

33 

9 

35 

8 

— 

9 

13 

3 

35 i 

IS 

35 

9 

15 

24 

25 

4 

44 

14 

22 

8 

_ 

9 

10 

5 

over 150 

8 

— 

— 

— 

— 

— 

6 

130 

13 

130 

7 

— 

8 

34 

7 

69 

17 

69 

8 

11 

21 

21 

8 

120 

16 

120 

6 

8 

9 



and the platelet extracts. The potency of the 
platelet preparations was essentially unaffected by 
repeated washings prior to trituration, demonstrat¬ 
ing that contamination with antihemophilic globu¬ 
lin was not involved (Table III). 

3) Effect oj Thromboplastin Dilutions on Clotting 
Time. 

Saline thromboplastin dilutions of 1:500 and 
1:800 reduced the clotting times to normal values 
in all instances (Table II). Higher dilutions 
(1:1,000, 1:2,000) were less effective in some 
patients but always caused a significant shorten¬ 
ing of the clotting time. A rough quantitative re¬ 
lationship seems to exist betsveen the rate of clot¬ 
ting and the amount of thromboplastin added. 

4) Effect oj Platelet Extracts on Prothrombin 
Consumption Time. 

The prothrombin consumption time was deter¬ 
mined on 27 separate occasions in our eight pa¬ 


tients. In five patients the values obtained never 
were higher than 13 seconds, whereas in three 
(cases 1, 3, and 4, Table IV) the prothrombin 
consumption time showed definite, spontaneous 
fluctuations, sometimes even reaching the normal 
range. In tn-o instances we observed a normal 
prothrombin consumption time in the presence of 
a prolonged clotting time. The effect of platelet 
extracts was tested on 12 separate occasions 
(Table IV). A change to normal values—above 
17 seconds—was obtained six times (twee with 
0.2 cc., and four times with 0.4 cc.), whereas in 
five experiments the prothrombin consumption 
time was raised only slightly. The ability of equal 
amounts of platelet extract to produce an in¬ 
creased prothrombin consumption time varied in 
one patient (case 6) on different days. This can¬ 
not be blamed on differences in potency of the 
homogenates used, since extracts were found to be 
effective in one patient, but ineffective in another 
when tested simultaneously. Therefore, it seems 


TABLE m 


Comparison of the effect of platelet extract, triturated red cells, and diluted normal plasma or. the 

clotting lime of hemophilic blood 


Material added (03 cc.) to 1 cc, of bemopHlic blood 


Clotting tin 

e in minutes 


Sobject A 

Sabiect B 

Sabiect C 

Sab'ect D 

None 

34 

_ 



Normal saline 

33 

88 

93 

22} 

Platelet extract, washed 3X 

9 

IS 

14 

12 

Platelet extract, washed 5X 

... 

IS 

17 

13} 

Platelet extract, washed 9X 


21 

25 

12} 

Triturated, vashed red cells (1:10) 

25 


S3 


Diluted plasma (1:10) 

24 

16 

14 


Diluted plasma (1:100) 


29 

22 

— 
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TABLE IV 

Prothrombin consumption time one hour after clotting with addition of various materials to 1 cc. of "native" plasma 


Prothrombin consumption time in seconds 


Patient 

no. 

Prothrombin 



1 


1 





time in 
seconds 

Nothing 

! Normal 
saline 

0.2 cc. 

1 

Platelet c.xlract 

0.2 cc. Thromboplastin dilutions added 



added 

0.2 cc. 

i 

0.4 cc. 1 

1;200 

1:500 

1:800 

1:1,000 

1:2,000 

1 

H 

15 

17 

13 

_ 

— 

— 

— 

— 

— 

— 

— 


1 

— 

— 

— 

— 


_ 



— 

lU 

13 

18 

— 

— 

141 

131 

13} 

13 

2 

13 

14 

lU 

13 

— 

— 


— 

— 

— 

— 

— 


— 

12 

! 12 

i m 

— 

17 

— 

171* 

— 

13* 

— 

3 

13 

14 

22 

i 22^ 

— 



— 

_ 

— 

— 

— 



lU 

16 

13 

— 

— 

171 

j 

— 

— 

— 

E 

— 

4 

H 

19t 

14 











12 

181 

. 

— — 

17 

— 

—^ 1 

— 


— 

5 ^ 

11 1 

m i 



. 




_ 

_ 


13 

11 

10 

12^ i 

14 

151 

17 

18 i 

17 

181 

16 

1 

— 


— 

— 

— ! 

1 

— 

— 

— 

— 

— 

— 

6 

nh 

lOi 

10^ 

231 


_ 



_ 

— 



lOJ 1 

— 

14 

— 

— 

12 

— 

11 

10} 


lU 

9^ j 

91 

131 

141 

14 

11 

101 

11 

— 

7 

13i 

no clot 

9 

131 

15 

— 

101 

10 

101 

11 


— 

no clot 

— 

16 

— 

— 

-- 


— 


8 

14 

no clot 

11 i 

141 

151 

— 

12 


15} 

14 


13| 

10 

10 

IS 

16 

23 

201 


— 



* Only O.S cc. of plasma used 
t Clotting time 35 minutes 
j Clotting time 22 minutes 


likely that the irregular responses are determined 
by variables present in the plasmas. 

5 ) Effect of Thromboplastin Dilutions on the 

Prothrombin Cotisumption Time. 

Thromboplastin in dilutions of 1:1,000 or 
1:2,000, added to hemophilic plasma, had little 
effect. Larger concentrations (1:200 to 1:800), 
however, were capable of producing a normal pro¬ 
thrombin consumption time at times. No parallel¬ 
ism appeared to exist between the ability of dilute 
solutions of thromboplastin to shorten the coagu¬ 
lation time and to increase the prothrombin con¬ 
sumption time. A quantity of thromboplastin, 
which clots hemophilic blood with normal speed. 


may be unable to affect the prothrombin con¬ 
sumption time in the same patient. These results 
are to be expected, since it is known that the pro¬ 
thrombin consumption time of hemophilic blood— 
which has clotted because of contamination with 
tissue thromboplastin during venipuncture—may 
be pathologic in the presence of a normal clotting 
time (13). Again it is to be noted that individual 
patients showed marked differences in the extent 
to which thromboplastin dilutions could alter their 
prothrombin consumption time. 

DISCUSSION 

Our experiments showed that concentrated 
aqueous homogenates of human platelets con- 
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sistently reduced the clotting times to normal in 
eight hemophilic subjects. The effect on the pro¬ 
thrombin consumption time, however, was not al¬ 
ways significant. Platelet extract was found to 
possess a thromboplastic activity equivalent to 
that of a dilution of lung thromboplastin of about 
1; 800 as measured with the one-stage “prothrom¬ 
bin time” technique. Thromboplastin solutions 
of this potency exerted approximately the same 
effect on the clotting and prothrombin consump¬ 
tion times as the platelet preparations. These 
findings seem to indicate that the platelet extracts 
most likely acted by virtue of their thromboplastic 
activity. We choose this term since the nature of 
“thromboplastin” is not clearly defined at present. 
Many materials exhibit thromboplastic activity, 
but the responsible agents are not necessarily 
identical. At least two thromboplastins with dif¬ 
ferent chemical properties have been found in lung 
and brain tissues, respectively (14). 

Previous investigations have demonstrated that 
platelets contain traces of thromboplastin (4, 5, 7, 
15), an accelerator analogous to serum Ac-globu- 
lin (7, 15), and a factor enhancing the action of 
thrombin on fibrinogen (7). It is unlikely that 
the platelet accelerator accounts for the obseived 
results, since it has been shown that purified Ac- 
globulin does not influence significantly the dot¬ 
ting time of hemophilic blood (16). A potentiation 
of the action of thrombin on fibrinogen does not 
explain the increased prothrombin consumption 
time which was observed on several occasions and, 
therefore, cannot be the primajy mechanism b}* 
which the platelet homogenate exerts its effect. 

Other clotting factors also can be ruled out. 
Thrombin is not present in the platelet homoge¬ 
nates since they do not clot BaSO^-plasma (17). 
No serum prothrombin conversion accelerator has 
been found in platelet e.xtracts (IS). Plasma anti¬ 
hemophilic globulin is removed by repeated wash¬ 
ings during the preparation of the platelet extracts. 
It does not appear reasonable that thrombo- 
plastinogenase, the platelet enzyme specifically 
postulated to interact with the plasma factor throm- 
boplastinogen (antihemophilic globulin), should 
liave a direct activating effect on prothrombin. 
This would have to be assumed since no, or veiy 
little, thromboplastinogen can be considered to be 
present in hemophilic blood. By exclusion, there¬ 
fore, it appears that platelet extract acted by wrtue 


of its thromboplastic activity. Our comparative 
studies wdth dilutions of tissue thromboplastin, 
while not furnishing direct evidence, also 
strengthen this interpretation by demonstrating 
that only very small amoimts of thromboplastin 
are fully capable of producing all the effects noticed 
with platelet extract. 

Most investigators agree that interaction of 
both platelet and plasma factors is necessary' to 
form an active thromboplastin for normal clotting. 
Conley and co-workers (19) have shown that 
“complete” clotting —as measured by normal dot¬ 
ting and normal prothrombin consumption times— 
takes place only when both factors are present. 
In hemophih'a the plasma factor is absent or de¬ 
creased, while the platelets now are considered to 
be normal (2-4); in severe thrombocj'topenia 
the picture is reversed (20), In both conditions 
the prothrombin consumption time is usually ab¬ 
normal; in hemophilia the dotting time is in¬ 
creased, but in thrombocytopenia it is within nor¬ 
mal limits. In the latter disorder this finding is 
ascribed to either release of suffident thromho- 
plastinogenase by the few remaining platelets (3, 
4) or direct activation of the plasma thrombo¬ 
plastin precursor by glass surfaces (21). In our 
experiments platelet extracts on several occasions 
produced both normal clotting and prothrombin 
consumption times in hemophilic subjects in whom 
the plasma factor -was absent or markedly de¬ 
creased. Since the extract also ivas free of this 
latter factor, it must have prodded in these in¬ 
stances the end product of the interaction of platelet 
and plasma factors, i.e. thromboplastic activity. 

Patek and Stetson (22), on adding a suspen¬ 
sion of platelets of the same concentration as that 
found in normal plasma, observed no effect on the 
clotting time of hemophilic blood. This apparent 
discrepancy with our data may be explained by 
considering that the platelet preparations used in 
our e.xperiments were 1) triturated and 2) 2C0 
times more concentrated than theirs. It does not 
seem permissible to apply directly our interpre¬ 
tation of the effect of the extracts to the function 
of platelets tn zHvo. 

Most of our data show a lari: of parallelism be¬ 
tween the changes in the clotting and tr.c pro¬ 
thrombin consumption times, regardless o; whether 
tissue thromboplastin or platelet homogenate v.-as 
the agent studied. In other words, while either 
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reagent uniformly accelerated clotting, the "con¬ 
sumption of prothrombin” often was not increased 
significantly. Our data also suggest that patients 
with hemophilia show definite fluctuations in their 
clotting status. This is indicated by spontaneous 
variations in their clotting and prothrombin con¬ 
sumption times when tested repeatedly over pro¬ 
longed periods in the absence of hemorrhage or 
treatment with transfusions. It is well known that 
hemophiliacs may exhibit periods of quiescence 
of bleeding manifestations to be followed by inter¬ 
vals marked by hemorrhages of varying severity 
(23). If it is assumed that these clinical and lab¬ 
oratory observations reflect differences in the pa¬ 
tient’s ability to form thromboplastin, this mecha¬ 
nism can be invoked to offer an explanation for the 
apparent inconsistencies of our observations. Both 
platelet extract and dilutions of thromboplastin 
supply thromboplastin in addition to that pro¬ 
duced by the patient himself. It depends on the 
patient’s own thromboplastin production—^which 
does not seem to be constant—whether this ex- 
traneously furnished thromboplastin is sufficient 
to give a normal "consumption of prothrombin.” 
Likewise, the occasional normal values of the pro¬ 
thrombin consumption time, which have been ob¬ 
served also by others (24), could be a reflection of 
a temporary improvement in the patient’s clotting 
status. It is to be emphasized, therefore, that a 
normal prothrombin consumption time, even in 
the absence of therapy, does not exclude the diag¬ 
nosis of hemophilia. 

Considerable difference of opinion exists about 
what actually is being measured when the "pro¬ 
thrombin consumption time” is determined. It 
has been stated (18, 25) that during coagulation 
besides the disappearance of prothrombin, which 
lengthens the prothrombin time of the serum, ac¬ 
celerator factor(s) evolve, which shorten it. The 
release of adsorbed thrombin from the fibrin mesh- 
work also may influence this value (26). How¬ 
ever, even when these mechanisms are taken into 
consideration we are at a loss to explain our two 
observations of a normal prothrombin consump¬ 
tion time in the presence of a prolonged coagula¬ 
tion time. 

SUMMARY 

1. Addition of a concentrated homogenate of 
ground-up platelets consistently reduces the clot¬ 


ting times of hemophilic bloods to normal. The 
prothrombin consumption time is increased regu- 
larl)^ but not always significantly. 

2. These effects can be explained most satisfac¬ 
torily by attributing them to the thromboplastic 
activity of the platelet preparations. 

3, When tested repeatedly over prolonged pe¬ 
riods hemophiliacs, in the absence of therapy, may 
occasionally show a normal prothrombin consump¬ 
tion time. It is postulated that the fluctuations in 
the clotting status may reflect variations in the 
patient’s ability to produce thromboplastin. 
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INTRODUCTION AND REVIEW OF THE LITERATURE 

In the present work an attempt was made to 
find out whether the peptidase activity of the hu¬ 
man blood changes with age. Preliminary to this 
a study of the characteristics of peptide hydrolysis 
was undertaken, and the degree of enzymatic ac¬ 
tivity in the various blood constituents was in¬ 
vestigated. 

Grassmann and Heyde (1) demonstrated the 
ability of serum to hydrolyse di- and polypeptides. 
Various authors have found that the peptidase ac¬ 
tivity of serum is increased in certain pathological 
conditions, such as during inflammatory processes, 
after bone fracture, and after burns (1-4), Con¬ 
cerning the possible source of the serum pepti¬ 
dases Zamecnik, Stephenson, and Cope (4) sug¬ 
gest that they may derive from muscle, skin, 
subcutaneous tissue and erythrocytes. Fruton 
and co-workers (5, 6) believe that peptidases may 
have a common origin, most probably the lym¬ 
phoid cells present in the various tissues, and that 
the peptidase activity of serum might be due to 
the disintegration of lymphoid tissue. 

Peptidase activity in erythrocytes has been dem¬ 
onstrated by a number of investigators (4, 7-10). 
Johansen and Thygesen (8) showed that per unit 
volume the rate of hydrolysis of alanylglycylgly- 
cine (AGG) by human erythrocytes is 40-50 
times higher than by serum. Merten and Win- 
schuh (11) report an increase in di-peptidase ac¬ 
tivity of human erythrocytes in various pathologi¬ 
cal conditions. 

It has long been known that leucocytes are 
able to break down peptides [compare the litera¬ 
ture review of Husfeldt (10) ; Merten and Win- 
schuh (11)]. Husfeldt (10) demonstrated di-, 
tri-, and tetra-peptide hydrolysis by leucocytes 

1 This research was aided by a grant from the National 
Research Council of Canada. 

2 An abstract of tliis paper appeared in Proceedings of 
the Canadian Physiological Society, October, 1950. 


from a normal subject and a patient with myeloid 
leukemia. Hydrolysis of alanylglycine by leuco¬ 
cytes from patients with lymphatic leukemia has 
been observed by Oelkers (12). 

Little is Icnown about the relation of the age of 
the organism to the proteolytic activity of blood. 
Goldenberg and Kondrachina (13) reported that 
the rate of autolysis of rabbit serum at pH 1 de¬ 
creases with the age of the animal. Maver and 
co-workers (14), on the other hand, noted that 
serum from old normal rats apparently hydrolysed 
dl-leucylglycine at a faster rate than did the serum 
from younger rats. 

SUBJECTS 

Two groups of subjects were studied. The first group 
included 15 members of the staff, nine male and six fe¬ 
male, ranging in age from 19 to 32 years. . The second 
group of 12 comprised a number of senile patients, five 
male and seven female, in a mental institute. The mem¬ 
bers of this group were not bedridden, and none of them 
suffered from any known organic or infectious disease. 
Their ages ranged from 67 to 90 years. 

METHOD 

Twenty ml. of non-fasting blood was obtained from 
the cubital vein in the morning, and was poured im¬ 
mediately into flasks containing 40 mg. of potassium oxa¬ 
late. A white blood count and differential count were 
made immediately. The white blood cells were sepa¬ 
rated by centrifugation of whole blood in waisted tubes 
(IS). Plasma was removed by means of a capillary 
pipette. The buffy layer which contained white blood 
cells and platelets, plus a few red blood cells, was trans¬ 
ferred with a second capillary pipette to a centrifuge tube, 
suspended in about 2 ml. of physiological saline solution 
and centrifuged at low speed for approximately Uvo 
minutes. (Longer centrifugation caused the cells to ad¬ 
here together in small clumps which could not be broken 
up on shaking.) After centrifugation the clear super¬ 
natant was sucked off with a pipette and the cells re¬ 
suspended in from 2 to 4 ml. of saline and stored over¬ 
night in the refrigerator. The red blood cells were 
pipetted with a long capillary pipette from the bulb of the 
centrifuge tube and washed in the same manner as the 
white cells. The concentration of cells in these saline 
suspensions was determined by means of the standard 
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clinical procedures, using Torek’s and Hayem’s dilution 
fluids. All counts were made in quadruplicate. 

The substrate used was glycylglycylglycine (GGG). 
Hydrolysis was measured by the micro-titration tech¬ 
nique of Grassmann and Heyde. The reaction mixture 
was set up in triplicate in glass-stoppered 2 ml. volu¬ 
metric flasks. It was composed of 1 ml. of 0.1 M sub¬ 
strate, 0.2 ml. of 0.01 M cobalt sulfate, 0.01 ml. toluene 
and 0.8 ml. of plasma, or 0.6 ml. of distilled water and 0.2 
ml. of cell suspension containing approximately 10’ leuco¬ 
cytes or 10’ erythrocytes.3 The reaction was carried out 
in a w’ater bath at a temperature of 39 °C and at a pH of 
7.0, maintained within less than 0.1 unit by the buffering 
effect of the substrate which had been brought to pH 7.0 
with 0.5 N NaOH. Hydrolysis during a two to four 
hour period was measured at frequent intervals by titrat¬ 
ing 0.2 ml. samples with 0.01 N KOH (final concentra¬ 
tion 909ci alcohol), using thymolphthalein as indicator. 
At the dilution of red blood cells used no serious difnculty 
with the endpoint was encountered. 

RESULTS 

Preliminary experiments regarding some of the 
characteristics of the hydrolysis of GGG •will be 
described first. The rate of hydrolysis by plasma, 

3 In order to facilitate cytolysis the cell suspensions 
were incubated with the distilled water and the cobalt 
sulfate solution for 15 minutes before the addition of 
substrate, and the tubes vigorously agitated. Cell counts 
immediately after substrate addition (zero experimental 
time) and during the course of hydrolysis showed that 
the red cells were completely hemolyzed but only about 
40% of the white cells from both young adult and senile 
subjects were cytolyzed at zero time and about 50% after 
two hours incubation. In all experiments the peptidase 
activity is based on the cell count before cytolysis oc¬ 
curred. 


TABLE I 


The effect of dilution of blood components on the 
rate of hydrolysis of GGG 

Substrate 0.05 A1 GGG, pH 7.0 


1 

Enzyme ! 
source , 

^ConcentmtioTi 
per ml. 

Per cent hyd 

Observed 

Tolysis per hoar 

Crdcclated 

for 

0.2 mt./ml. 

Plasma* 

0.10 ml. 

7.0 

14.0 


0.15 ml. 

9.5 

12.7 


0.20 ml. 

12.0 

12.0 


0.26 ml. 

17.0 

12.6 


0.40 ml. 

24.4 

12.2 




Calculated 



Observed 

for 1 mtllioa 



i 

i cells/ml. 

R.B.C. 

96 million cells 

' 45 

‘ 0.48 


72 million cells 

34 

1 0.47 


48 million cells 

23 

0.48 

W.B.C. 

1.34 million cells 

16.0 

11.2f 


0.96 million cells 

1 12.7 

12.3t 


• The plasma was slightly hemolysed which accounts for 
the high rate of hydrolysis. 

_ t Values corrected by subtraction of the rate of hydroly¬ 
sis due to the presence of erythrocjTes. 

white cells, or red cells, is constant until about 70% 
of the substrate is split, assuming complete split¬ 
ting of one peptide linkage (see Figure I). Be¬ 
yond 100% theoretical splitting of a single bond 
of the tripeptide, hydrolysis continues but at a 
slower rate. To what extent the breakdown of the 
di-peptide contributes to the earlier stages of GGG 
hydrolysis is not knorvn. The rate of hydrolysis by 
plasma, erythrocytes, and leucocytes was found 



Ftc. 1. The Course of Hvdrolysis of GGG ev PL,^siI.^, LEUcociTES, aj.'d ErrTnroc»-rES 
The reaction follows a similar pattern with all three cnzjTne source"', ie, the hjdrc';. *’5 rate 
is constant until about 70% of the sub'tratc is split; after 100% theoretical sp'.ittirz c: r»-r- 

tide bond of the tripeptide further hydrolysis exmrs but at a slor. cr rate. 
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Fig. 2. Effect of pH on the Hydrolysis Rate of GGG by Serum, Leucocytes, and 

Erythrocytes 

The substrate was adjusted to tlie desired pH by adding the required amounts of HCl or NaOH. 
The drift in pH during tlie course of hydrolysis was negligible. Similarly marked points in 
each curve were obtained on samples of the same blood. 


to be directly proportional to the concentra¬ 
tion of these constituents in the reaction mixture 
(see Table I). The effect of metal ions on the hy¬ 
drolysis rate is shown in Table II. Cobalt acti¬ 
vates, magnesium and manganese inhibit the hy¬ 
drolysis by plasma, red cells and white cells. It 
may be noted that a similar effect of these metal 
ions has been observed in this laboratory with the 
hydrolysis of I-leucylglycylglycine (LGG) by hu¬ 
man serum (2). The effect of pH on the hydroly¬ 
sis of GGG by various blood constituents is shown 
in Figure 2. Optimal hydrolysis occurs around pH 
7.1. 

The similar characteristics of the hydrolysis of 
GGG makes it likely that the same enzyme mecha¬ 
nism is involved in plasma, leucocytes, and eryth¬ 
rocytes. 

The effect of temperature was studied using 
serum as the source of the enzyme. The rate of 

hydrolysis increases with increasing temperature 

) 

TABLE 11 

Effect of metal ions on the hydrolysis of GGG by plasma, 
leucocytes, and erythrocytes 

Per cent hydrolysis per hour of 0.05 M GGG of pH 7.0, 
calculated for a concentration of 0.2 ml. plasma, or 10' cells 
per ml. reaction mixture. 





W. B. c. 


Plasma 

R. B. C. 

Age of subject 




28 Years 

67 Years 

No activator 

4.0 

0.25 

15 

21 

Co (0.001 M) 

5.6 

0.43 

19 

31 

Mn (0.001 M) 

3.1 

0.16 

10 

16 

Mg (0.01 M) 

3.5 

0.14 

9 

13 


between 0° and 48 "C, but at higher temperatures 
inactivation sets in (see Figure 3). 

Regarding the relative activity of the blood 
components, it may be seen from Table III that 
in normal young people the average rate of hy¬ 
drolysis per cell is about 40 times higher in white 
blood cells * than in erythrocytes. In view of 
the high concentration of erythrocytes in blood, 
however, the activity of a sample of whole blood 
is mainly due to the hydrolysis by red blood cells. 
Using the average rates of hydrolysis of GGG in 
young adults and average normal values for red 
and white cell counts and plasma volume (16) it 
may be estimated that in a unit of whole blood 
the activity of the white blood cells is about six 
times greater, that of the red blood cells about 100 
times greater than that of plasma. If the activity 

* The hydrolysis of GGG by white blood cells has been 
corrected by subtraction of the rate of hydrolysis due to 
the presence of erythrocytes in the reaction mixture. 
In most cases this value was less than 10% of the total 
rate. 



Fig. 3. Effect of Temperature on the Hydrolysis 
Rate of GGG by Serum 

Values represent per cent hydrolysis by 0.2 ml. of se¬ 
rum per ml. reaction mixture. Serum was obtained at 
various times from one subject. 
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of one volume of plasma is compared with that of 
a volume of packed white and packed red cells, ra¬ 
tios of 1 to 480 to 125 are obtained. A similar pro¬ 
portion of enzyme activity among blood com¬ 
ponents was observed in experiments in which 
dl-leucylglycylglycine was used as substrate. The 
relative rates for plasma and red blood cells are 
somewhat higher, but of the same order of magni¬ 
tude as the comparative values for AGG hydrolysis 
by human serum and erythrocytes estimated by 
Johansen and Thygesen (9). No clear cut data 
in the literature on the relative activity of white 
blood cells are known to us. 


From Table III it maj' be seen that the rate of 
hydrolysis of GGG by white blood cells is con¬ 
siderably higher in the old age group than in the 
yoimg adult group. The average values of hy¬ 
drolysis of 0.05 M GGG per hour for one million 
cells per ml. of reaction mixture are 26 and 15^ 
respectively. The difference is statistically signifi¬ 
cant (P <0.001). (The averages for male and 
female subjects correspond closely in both groups.) 
When the values for plasma or red blood cells are 
compared no significant difference beUveen the 
two groups is seen. No correlation betu'een ac¬ 
tivity of white blood cells and the percentage of 


table ni 

Hydrolysis of GGG by leucocytes, erythrocytes, and plasma of young and old people 









Hydrolysis % per hour* 


Name 

Age 

Sex 

Total 

W.B.C. 

% 

Poly. 

Lym. 

sSb. 

lO«WBC/m!. 

reactlotx 

mirtart 

lO’RBC/ml. 

reaction 

mixture 

0^ EOl. 
phtsmai/mL 
reaction 
mixture 

Reaarts 

VE 

27 

M 


17 

47 

26 

18 

0.35 



WO 

22 

M 


26 

67.5 

0.5 

17 

0.27 



CH 

25 

M 


56 

42 

0 

14 

0.27 






6,900 

59 

35 

4 

15 

0.41 

5.5 


WI 

21 



69 

25 

0 

14 

0.32 



CA 

23 



61 

33 

0 

18 

0.25 



BR 

23 


KIMilil 

34.5 

39 

19 

13 

0.26 







50 

41 

6 

12 

0.34 

7.0 

Repeat 2 vreeks later 

CU 

28 

F 

8,250 

52 

41 

0 

11 

0.41 





11,675 

51 

39 

4 

20 

0.36 


1st day menstruation 





54 

33 

8 

15 

0.46 


2nd day menstruation 

DY 

22 

F 

6,950 

51 

40 

I 

18 

0.38 


PU 

22 

F 

5,950 

57 

34 

5 

16 

0.39 

6.2 


KO 

26 

F 

7,500 




9 

0.44 

6.5 


DE 

28 

F 





16 

0.41 


Jan. 6, 1950 





65 

27 

6.5 

19 

0.43 


April 4, 1950 

HO 


M 





21 

0.46 


May 15, 1950 

26 

mami 




14 

0.46 



MA 

32 






20 

0.42 



KA 

19 

M 

11,300 

56 

38 

0 


0.40 

6.8 


EL 

26 

M 

4,800 




16 

0.47 



Average 

■ 





15 

0.38 

6.4 


DA 

76 

F 


70 

14 

13 

28 

0.33 



SM 

68 


13,450 

81 

7 

7.5 

22 

0.34 


Repeat 13 daj-s later 

F 


47 

48 

0 

' 18 

0.31 

7.5 

MI 

82 

M 





26 

0.45 



HA 



6,900 

53 

40 

4 

28 

0.41 

7.8 


90 

M 

9,000 

41 

53 

4 

26 

0.35 

7.0 


KY 

94 


6,550 




26 

0.31 

7.2 

Repeal 2 months later 

F 

11,050 

60 

32 

4 

30 

0.48 

56 

CA 

86 

M 

9,750 

61 

32 

4 

32 

0.43 

m 


NO 

84 

M 

10,200 

40 

57 

1 

20 

0.50 

7.8 


McG 

87 

F 

10,775 

58 

34 

2 

30 

0.47 



HE 

89 

F 

10,525 

59 

38 

2 

33 

0.38 



ME 

86 

F 

8,250 




26 

0.24 

6.2 


B.\ 

BR 

67 

71 

m 


42.5 

48.5 

8.5 

25 

23 

0.40 

OJS 




H 

wm 

■■ 

■1 


26 

0j9 

7.0 



• Per cent per hour of the hydrolysis tJcpected on the complete splitting of one peptide Hnhnze, 
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polymorphonuclear leucocytes and lymphocytes 
in the differential count was apparent, and the 
slight difference in the distribution of the cell types 
among the two groups could not account for the 
difference in enzymatic activity. The response to 
metal ion activation was compared in two subjects 
(Table II) and no significant difference was ob¬ 
served. The possibility that the difference in rate 
among the two groups is due to an increased state 
of metal activation inherent in the white blood cells 
of the old age group is therefore unlikely. Al¬ 
though no pH optimum for hydrolysis of white 
blood cells from old people was determined, it is 
evident that the differences in activity cannot be 
due to a different response to pH since all studies 
were carried out in the optimum pH range for the 
activity of white blood cells in young people. 

DISCUSSION 

The increase in peptidase activity of white blood 
cells from aged subjects is noteworthy from a clini¬ 
cal standpoint in view of the role of leucocytes in 
processes of infection and tissue repair. It is pos¬ 
sible, however, that the rise in peptidase activity 
might be a manifestation of increased protein 
metabolism in general, associated with old age. 
It must be pointed out that the old age group was 
composed largely of subjects who were institu¬ 
tionalized because of senile mental changes, and 
whose food intake was probably lower than that 
of the control group. The study will be continued 
on mentally normal old people. It is of interest 
that insulin, a polypeptide, has been found to lose 
its blood sugar reducing power when it is incu¬ 
bated with whole blood, and that blood from old 
people inactivates the hormone at a significantly 
higher rate than blood from young people (17). 
There was an indication that the leucocytes were 
responsible for this effect. This would be in line, 
with the present observations, provided that a hy¬ 
drolytic mechanism is involved in the inactivation 
of insulin. 

The rise in peptidase activity of the white blood 
cells in the senile group was not accompanied by a 
significant rise in peptidase activity of plasma. 
This does not necessarily exclude the possibility 
that white blood cells are a source of plasma pep¬ 
tidase since the rate of dissolution of leucocytes 
rather than the actual activity of living cells may 
determine the level of enzymes in plasma. It has 


been observed that the leucocytes circulating in the 
blood stream of old people are older cells than 
those in the blood from young persons (18). This 
indicates that the rate of turnover is lower in old 
age. It should, however, be kept in mind that per 
unit of whole blood by far the greatest enzyme ac¬ 
tivity is found in the red blood cells. Whether 
erythrocytes, leucocytes, platelets, or other tissue 
cells are the main source of the enzyme in plasma 
can only be determined if the rate of breakdown 
and turnover, as well as the relative enzyme ac¬ 
tivity of these constituents, is known. 

SUMMARY 

1. The hydrolysis of glycylglycylglycine (GGG) 
by the components of blood from young adult 
and from senile human subjects, and the effects of 
metal ions, pH, and temperature on the hydrolysis 
were studied. 

2. Hydrolysis by plasma, erythrocytes and leu¬ 
cocytes was activated by cobalt, inhibited by mag¬ 
nesium and manganese and optimal at pH 7.1. In 
view of the similar characteristics of hydrolysis 
by the blood components it was concluded that 
the same enzyme mechanism must be involved in 
all cases. 

3. The enzyme activity in the formed elements 
by far exceeded that of serum or plasma. In nor¬ 
mal young people a volume of packed red cells 
was estimated to be over 100 times as active as a 
volume of plasma, and packed white blood cells 
nearly 500 times as active as plasma. Per unit 
cell the activity of leucocytes from young people 
was found to be about 40 times greater than that 
of the erythrocytes. 

4. The rate of hydrolysis of GGG by leucocytes 
was found to be significantly higher in senile people 
than in young people, the average increase in rate , 
being about 70%. On the other hand, no signifi¬ 
cant difference in rate of hydrolysis by plasma or 
erythrocytes of the two groups was observed. 

5. The significance of these findings is discussed. 

The authors are indebted to Miss Marylee Putnam for 
technical assistance. 
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The role of the sympathetic nervous system in 
the intrinsic control of the cerebral circulation has 
always been controversial. Experiments hereto¬ 
fore have centered on the effects of stimulation of 
the cervical sympathetic nen'es on changes in 
cerebral blood flow detected by instruments ap¬ 
plied directly to the brain of animals. The re¬ 
sults have generally agreed that cervical sym¬ 
pathetic stimulation causes only mild cerebral 
vasoconstriction. The marked effects of chemical 
agents (CO 2 in particular) in affecting the cere¬ 
bral circulation have led to the probably correct 
conclusion that the intrinsic control of the cere¬ 
bral circulation in health is predominantly medi¬ 
ated via chemical agents in the blood and that 
neurogenic vasomotor control is at best only 
weakly effective (1), However, recent clinical 
reports (2-5), which we can confirm from per¬ 
sonal experience, on the efficacy of temporary 
blockade of the stellate ganglia in ameliorating 
symptoms of cerebral embolism and thrombosis, 
presumably by relieving collateral vasospasm, have 
increased interest in the role of the sympathetic 
system in the intrinsic control of the disturbed 
cerebral circulation, 

Harmel and associates (6) studied the effects of 
bilateral stellate ganglion block with procain on 
the cerebral circulation of 13 unanesthetized nor- 
motensive and hypertensive patients and failed 
to find any effect whatsoever. They utilized the 
recently introduced nitrous oxide technique for 
determination of the cerebral blood flow (7) in 
their studies. Scheinberg (8) has recently con¬ 
firmed their work. 

We have had the opportunity to study the cere¬ 
bral circulation of seven patients before and after 
bilateral stellate ganglionectomy and our findings 
are the subject of this report. 

1 This investigation was supported in part by a research 
grant from the National Institutes of Health, Public 
Health Service. 


METHODS 

Patients selected for study were necessarily suffering 
from abnormalities for which it was hoped bilateral stel¬ 
late ganglionectomy would be of benefit. Four pa¬ 
tients (L. S., M. M., J. W. and W. N.) had post¬ 
encephalitic Parkinson’s disease; one (B. D.) was clini¬ 
cally diagnosed as advanced cerebral arteriosclerosis; one 
(R. H.) had hypertension and advanced cerebral atrophy 
(air-encephalogram) ; and one (A. A.) suffered with an 
old hemiplegia as a complication of essential hypertension. 

Cerebral blood flow (CBF) was determined by the 
nitrous oxide technique (7). Mean arterial blood pres¬ 
sure (MABP) was measured from the femoral artery 
by a damped mercury manometer attached directly to a 
needle in the artery. Blood oxygen and carbon dioxide 
analyses were carried out by the manometric technique 
of Van Slyke and Neill (9). Blood pH measurements 
were made anaerobically at 37“ C. using a glass electrode. 
Carbon dioxide tension in the blood (pCOj) was calcu¬ 
lated from the nomograms of Peters and Van Slyke (9). 
Cerebral vascular resistance (CVR) w'as calculated from 
ARP 

the formula CVR = (7). Cerebral oxygen con- 

sumption (CMR) was determined by multiplying the 
CBF by the difference in oxygen content of the arterial 
and internal jugular blood. 

Prior to operation a control cerebral blood flow meas¬ 
urement was made. At an interval of three to seven days 
following bilateral stellate ganglionectomy the studies 
were repeated. The patients were afebrile and received no 
premedication on either occasion. Earlier postoperative 
observations were precluded by the fact that general sys¬ 
temic changes (pulmonary effects and fever) would have 
obscured the results. This was unfortunate since it is 
well known that most vessels tend to regain a portion of 
their tone within several days after sympathectomy. 

RESULTS 

The most striking finding in the series as a whole 
was the significant fall of CVR following bilateral 
stellate ganglionectomy, from a mean value of 2.6 
to 2.0 resistance units (p < .02). There was not 
so clear an increase in the mean CBF from 45.6 to 
55.6 cc./lOO g./mfn. (p >.05) and in the CMR 
from 2.49 to 2.90 cc./lOO g./min. (p < .9). Av¬ 
erage values for the mean arterial blood pressure, 
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pulse rate, cerebral respiratory quotient, jugular 
and arterial pH and COj tensions were relatively 
imaffected by the operative procedure. 

Both internal jugular and arterial oxygen con¬ 
tent were significantly (p < .02) decreased (by 1.3 
Vol. °fo') and the carbon dioxide content increased 
(3 Vol. %) following the bilateral removal of the 
stellate ganglia. These changes are probably due 
to a fall in the hematocrit postoperatively, and in 
one patient in whom the hematocrit was deter¬ 
mined pre- and postoperatively such reduction 
did occur. The lowered hemoglobin content of 
the blood would result in reduction of the blood 
oxygen content. Blood with a lowered hemato¬ 
crit would contain relatively greater amounts of 
plasma and since plasma does have a higher CO- 
content than red cells one would expect the CO- 
content of blood with a reduced hematocrit to he 
higher. However, since the COj tension of the 
blood was unaltered by operation the increased 
COj content of the blood could not be the critical 
factor in altering the cerebrovascular resistance 
postoperatively. Indeed, there is no correlation 
whatsoever between the changes in CVR with 
changes in any of the blood gas contents. 

It is apparent that patients with initially slow 
CBF obtained the greatest reduction in CVR from 
the operation, and as a matter of fact an excellent 
correlation (Figure 1) exists between the pre¬ 
operative CBF and amount of decrease in CVR 
(r = .86). 

Almost as good correlation (Figure 2) exist-s 
behveen the preoperative CVR and the fall in C\rR 
(r = .75). 



Initial CBF 


Fic. 1. Relationship of Fall in CEPXEF.ovASCtrLAS 
Resistance eollowing Bilatesal STELLEcrosiy ajuj 
Initial Ceeeeral Blood Flow 


Fig. 2. Relationship of Fall in Ceeebphvascular 
Resistance following Bilateral Stellectojiy and 
Initial Cerebrovascular Resistance 

DISCUSSION 

Our data confirm previous findings, chiefly in 
animals, that under normal conditions the intrinsic 
tone of the cerebral vessels is not mediated via 
the autonomic nerr'ous system fibers passing 
through the stellate ganglia. However, the clear 
effect of stellectomy in reducing the CVR in pa¬ 
tients with abnormally slow CBF and increased 
CVR would indicate that, in pathologic states with 
increased CVR, at least a portion of this increased 
resistance can be due to spasm mediated over sym¬ 
pathetic reflexes. 

The element of spasm maintained reflexly can 
evidently be considerably greater when induced 
by physiological means in the intact human than 
when produced in experimental animals by ex¬ 
ternal, even though direct, stimulation of the 
sympathetic nerves. 

The question whether the blood in the internal 
jugular bulb is significantly contaminated with 
drainage from the face and the scalp after stellate 
ganglionectomy and thereby influences our calcu¬ 
lations of the cerebral blood flow and other cerebral 
circulatory functions is a pertinent one. Obser¬ 
vations which demonstrated a verj' minor contami¬ 
nation of internal jugular bulb blood by extra- 
cerebral drainage were made on intact individuals 
(10). However, one would expect, if this error 
were introduced by the procedure of stellectomy, 
that the arteriovenous oxj'gen differences and 
respiratoiy quotients would be materially altered 
after operation. This in fact did not occur. 

The discrepant:)’ of our results with those re¬ 
ported by Harmel, Haflrcnschcil, Austin, Crump¬ 
ton and Kcty (6) probably is due to the fact that 






92 


HENRY A. SHENICIN, FERNANDO CABIESES, AND GORDON VAN DEN NOORDT 


TABLE I 


Effect of bilateral stellate ganglioneclomy on blood gas constituents 



1 


Blood COi content 
(FoL %) 

Blood COj tension 
(mm. lie) 

Blood Oi content 
(Vol. 7c) 


Blood pH 


Patient 

Age 


Arterial 

Int. 

jugular 

Arterial 

Int, 

jugular 

Arterial 

Int. 

jugular 

Arterial 

* Int. 
jugular 




I 

11 

I 

11 

I 

II 

I 

11 

I 

II 

I 

II 

I 

II 

I 

II 

L. S. 

38 

Post-enceph. 

Parkinsonism 

48,4 

51.7 

53.5 

55.4 

41 

41 

48 

44 

17.3 

15.4 

11.8 

10.8 

7.38 

7.41 

7.33 

7.38 

M. M. 

51 

Post-enceph. 

Parkinsonism 

49.9 

57.2 

55.0 

61.3 

45 

45 

53 

51 

14.3 

12.4 

9.0 

8.2 

7.34 

7.40 

7.29 

7.35 

J.W. 

27 

Post-enceph. 

Parkinsonism 

48.3 

51.8 

52.8 

55.3 

38 

42 

46 

47 

18.2 

15,9 

12.8 

12.1 

7.41 

7.39 

7.35 

7.35 

W. N. 

42 

Post-enceph. 

Parkinsonism 

50.3 

53.2 

54.5 

58.7 

'- 

— 

— 

— 

17.7 

15.9 

13.0 

10.3 

— 

— 

— 

— 

A. A. 

43 

Essential 

hypertension 

51.0 

53.8 

55.9 

59,6 

— 

— 

— 

1 

14.0 

13.1 

8.8 

7.0 

— 

— 

— 


R. H. 

51 

Cerebral 

atrophy 

47.6 

47.3 

52.5 

54.5 

38 

38 

44 

46 

20.4 

19.9 

14.2 

11.9 

7.44 

7.42 

7.38 

7.37 

B. D. 

59 

Cerebral arte¬ 
riosclerosis 

50.2 

51.1 

55.6 

56.5 

i 

44 

44 

52 

50 

16.5 

15.3 

11.1 

9.6 

7.37 

7.38 

7.31 

7.34 

Mean 

44 


49.4 

52.3* 

54.3 

57.3* 

41 

42 

1 

49 

48 

16.9 

15.4* 

11.2 

10.0* 

7.39 

7,40 

7.34 

7.36 


I—Preoperative study 

II—Post-bilateral stellate ganglionectomy study 
* Denotes significant difference (p < .02) 


the latter observers did not study patients with an 
initially reduced cerebrovascular resistance and 
cerebral blood flow. Scheinberg (8) did study 
such patients but performed only unilateral stel¬ 
late blocks. Our results are based upon bilateral 
removal of the stellate ganglion. 

We did not have the opportunity to study pa¬ 
tients with acute cerebrovascular accidents. How¬ 
ever, the marked reflex cerebral vasoconstriction 


demonstrated in some of our patients makes the 
existence of such a mechanism plausible in some 
cases of apoplexy and would explain the beneficial 
effects reported from stellate ganglia block in 
such instances. It also provides a rationale for 
cervical sympathectomy at the time of carotid liga¬ 
tion to overcome vasospasm that might result from 
reflex mechanisms brought into play, in some 
patients, by the ligation. 


TABLE II 


Effect of bilateral stellectomy on cerebral circulatory functions 


Patient 

(CBF) 

Cerebral 

blood 

flow 

(CMROt) 

Cerebral 

Oi con¬ 
sumption 

(CVR) 
Cerebral 
vascular 
resistance 
(mm. Bg) 

(MABP) 

Mean arterial 
blood 
pressure 

(A-V Oj) 
Arterio-ven. 

oxygen 

diSerence 

(R.Q.) 

Cerebral 

respiratory 

quotient 


(cc.llOO g.lmin.) 

(cc.llOO g.lmin.) 

(cc.llOO g.lmin.) 

(mm. Hg) 

(Vol. 7c) 




I 

11 

I 

11 

I 

II 

1 

11 

I 

II 

I 

II 

L. S. 

37 

50 

2.0 

2.3 

3.2 

1.9 

119 

95 

5.5 


.93 

.80 

M. M. 

37 

69 

2.0 

2.9 

2.7 

1.6 

100 

109 

5.3 


.96 

.98 

J.W. 

71 

68 

3.8 

2.6 

1.4 

1.4 

99 

96 

5.4 

3.8 

.86 

.92 

W. N. 

39 

54 

1.8 

3.0 

2.2 

1.6 

87 

88 

4.7 

5.6 

.90 

.98 

A. A. 

51 

55 

2.7 

3.4 

2.8 

2.4 

141 

132 

5.2 

6.1 

.94 

.95 

R. H. 

31 

38 

1.9 

3.0 

4.2 

3.3 

131 

126 

6.2 

8.0 

.79 

.90 

B. D. 

53 

55 

2.9 

3.1 

1.8 

1.7 

98 

94 

5.4 

5.7 

■fill 

.95 

Mean 

45.6 

55.6 

2.44 

2.90 

2.61 

1.99* 

111 

106 

5.4 

5.4 

.91 

.93 


I —Preoperative study 

II—Post-bilateral stellate ganglionectomy study 
* Denotes significant difference (p < .02) 
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SUMMARY 

The cerebral circulation was studied in a series 
of seven patients before and after bilateral stellate 
ganglionectomy. A significant decrease in cere¬ 
brovascular resistance was found to result from 
stellate ganglionectomy. This decrease in cerebro¬ 
vascular resistance following operation appears to 
be greatest in those patients with the initially slow¬ 
est cerebral blood flow and initially most marked 
increases in cerebrovascular resistance. 
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The normal range described originally (1) for 
blood flow in the fingertip, measured calorimetri- 
cally after vasodilatation by indirect heating, has 
been confirmed by Capriglione and Duque (2). 
Corrections for specific heat, gravity and tempera¬ 
ture of blood (3), and the reinforcement of the 
effect of indirect heating by the intravenous ad¬ 
ministration of TEAC, subsequently raised the 
level of both normal and abnormal readings slightly. 
The normal range for the fingertip now is 0.25 to 
0.38 cc./sq.cm. of skin/min., and for the toe 0.15 to 
0.29 cc./sq.cm./min. (4). Venous obstruction 
plethysmography of the fingertip gives a normal 
range after indirect heating which is somewhat 
wider [6 to 12 cc./lO cc. of finger volume/min. 
(5)]. What is more, we have often observed 
considerable differences between single digital 
plethysmographic and digital calorimetric readings 
in the same subject under presumably similar con¬ 
ditions. Such discrepancies have also been noted 
between calorimetric and plethysmographic stud¬ 
ies of the hand (6) especially at intermediate rates 
of flow, although the differences are ascribed to the 
“smoothing out” by the calorimeter of rapid fluc¬ 
tuations in flow recorded plethysmographically. 

Hoobler, Avera, Little, Peet, and Bassett (7), 
employing the foot plethysmograph, have de¬ 
scribed considerably .greater increases in blood 
flow during caudal anesthesia or after sympathec¬ 
tomy than after indirect heating, or after the in¬ 
travenous injection of TEAC. These differences 
were attributed to the failure of indirect heat or 
TEAC to release sympathetic nerve tone com¬ 
pletely. Arnott and Macfie (8), however, meas¬ 
uring blood flow calorimetrically, found that block- 

1 Reviewed in the Veterans Administration and published 
with the approval of the Chief Medical Director. The 
statements and conclusions published by the authors are 
the result of their own study and do not necessarily reflect 
the opinion or the policy of the Veterans Administration. 

This study was aided by Grants from the American 
Heart Association and the Research Committee of the 
American Medical Association. 


ing the ulnar nerve with procaine did not increase 
flow in the fifth finger if sympathetic nerve tone 
had been previously released by indirect heat. 

In an attempt to reconcile some of these dis¬ 
crepancies, the calorimetric method was subjected 
to exhaustive critical evaluation, the results of 
which are reported elsewhere (3). The assump¬ 
tions involved in the method were sustained. It 
therefore seemed necessary to investigate some 
of the assumptions inherent in the plethysmo¬ 
graphic method (9), the most vulnerable of these 
being the assumption that venous obstruction traps 
all the blood in the part. It also became necessary 
to investigate the completeness of release of sym¬ 
pathetic nerve tone by indirect heating supple¬ 
mented by TEAC in the skin of the great toe. 

METHODS 

Accordingly, a series of experiments were set up 
wherein blood flow was measured calorimetrically after 
arterial and after venous obstruction, using heat supple¬ 
mented by TEAC to release sympathetic nerve tone. 
Patients without vascular disease, and some with mild 
residua of "trench foot,” were used as subjects. Heat was 
administered to the trunk by a cradle baker for from 
30 to 45 minutes until positive heat balance was attained 
as manifested by generalized sweating. Then, TEAC 
(5 mg./Kg) was injected intravenously. Flow studies 
were begun approximately 10 minutes after the injection. 
For the great toe the compressing cuff was at the ankle, 
whereas for the fingertip (third or fourth) a Gaertner 
capsule was used at the proximal phalangeal joint. The 
arterial obstruction pressure varied between 180 and 220 
and the venous obstruction pressure between 40 and 50 
mm. Hg. Only those results were tabulated in which the 
flow within a minute after obstruction was at or near 
the original level. In approximately 10 per cent of sub¬ 
jects, venous obstruction produced a decrease in flow, 
which persisted long after release of pressure, indicating 
reflex vasoconstriction (see Figure 1). That psychic fac¬ 
tors can "break through” indirect heat and less com¬ 
monly through indirect heat supplemented by TEAC to 
produce reflex vasoconstriction is well known (10) and 
is demonstrated in Figure 2. 

In addition, blood flow in the great toe measured cal¬ 
orimetrically after indirect heating and TEAC was com- 
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Minutes 

Fig. 1. Reflex Vasoconstriction Produced by Venous 
Occlusion 



Minutes 


Fig. 2. The Effect of Psychic Stimuli on Digital 
Blood Flow (Toe) 

pared with blood flow measured during spinal anesthesia 
in 12 patients. Spinal anesthesia was administered to 
these patients for surgical operations such as hemioplasty 
or hemorrhoidectomy. Anesthesia was considered com¬ 
plete when the patient became insensitive to pin prick and 
was unable to move his lower extremities. One additional 
patient suflering from causalgia, was studied pre-and two 
days post-sjaapathectomy. 

RESULTS 

The changes in blood flow after arterial and ve¬ 
nous obstruction, in tj^pical exp>erimcnts, arc pre¬ 


sented graphically in Figures 3A and B. The re¬ 
sults in many experiments on upper as well as 
lower extremities (Tables I and II) confirmed 
these findings. It tvill be seen that venous ob¬ 
struction for several minutes decreased blood flow 
only slightly, and sometimes not at all; whereas, 
arterial obstruction reduced blood flow in the 
fingertip or toe sharply, although not quite to the 
zero level. The heat of metabolism was calculated 


c 

E 



Minutes 

Fig, 3a. The Effect of Arterial Occlusion on Digi¬ 
tal Blood Flow (Toe) 


c 



Fig. 3B. Tuc’Esitct or Venous Occlusxn cn DrorrAu 
Blocd Flow (Tcs) 
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TABLE I 


The effect of arterial obstrjiction on digital blood flow 


Digit 

Time 

of 

obstruc¬ 

tion 

Flow 

before 

obstruc¬ 

tion 

Lowest 

flow 

during 

obstruc¬ 

tion 

Flow 

after 

obstruc¬ 

tion 

Ma.ximum 
per cent 
change 
in flow 

Great Toe 

vxin* 

9 

cc.IsQ.cm.l 

min. 

0.15 

cc.IsQ.cm.l 

min. 

0.01 

cc.jsq.cm.l 

min. 

0.16 

-93 


6 

0.18 

0.02 

0.15 

-89 


6 

0.16 

0.02 

0.14 

-88 


3 

0.17 

0.03 

0.16 

-82 


3 

0.18 

0.07 

0.21 

-61 


3 

0.17 

0.02 

0.17 

-88 


3 

0.26 

0.09 

0.25 

-65 


3 

0.16 

0.06 

0.20 

-63 


3 

0.18 

0.04 

0.20 

-78 


3 

0.15 

0.04 

0J5 

-73 


3 

0.17 

0.07 

0.12 

-59 


2 

0.18 

0.07 

0.23 

-61 


2 

0.19 

0.06 

0.17 

-68 



0.26 

0.21 

0.23 

-19 


h 

0.23 

0.18 

0.23 

-22 


\ 

0.27 

0.17 

0.25 

-37 


h 

0.20 

0.14 

0.20 

-30 



0.27 

0.20 

0.26 

-26 


h 

0.17 

0.12 

0.17 

-29 


h 

0.24 

0.17 

0.27 

-29 



0.14 

0.11 

0.15 

-21 

Finger 

8 

0.34 

0.07 

0.28 

-79 


3 

0.32 

0.03 

0.32 

-91 


3 

0.24 

0.04 

0.25 

-83 


3 

0,32 ' 

0.03 

0.28 

-91 


3 

0.12 

0.03 

0.11 

-75 


3 

0.26 

0.04 

0.24 

-85 


3 

0.39 

0.05 

0.38 

-87 


h 

0.31 

0.23 

0.34 

-26 


X 

2 

0.21 

0.16 

0.23 

-29 



0.29 

0.23 

0.29 

-21 



0.27 

0.21 

0.30 

-22 


i 

0.24 

0.20 

0.24 

-17 



0.32 

0.22 

0.33 

-31 


i 

0.30 

0.22 

0.33 

-27 


to be too small to be measured calorimetrically (3) 
and hence was not considered responsible for the 
residual heat elimination during- arterial obstruc¬ 
tion. With digital vasodilatation, some blood 
reached the fingertip or toe, probably via deep bone 
channels, even when the arteries were obstructed 
at several levels. To obliterate blood flow through 
the fingertip or toe completely, it was necessary 
to supplement arterial obstruction at the level of 
' the ankle and toe, or at the level of upper arm, 
wrist and finger, by reflex vasoconstriction for 
several minutes (3). Several experiments, in 
which venous and arterial obstruction were em¬ 
ployed for only 30 seconds or less, also revealed 
less decrease in flow during venous than during 
arterial obstruction, although the differences were 
less striking. The “lag” factor of the digital cal¬ 


orimeter, however, is approximately one minute 
and each of the series of flow determinations made 
in any patient covers a period of one minute. It 
would therefore be expected that such differences 
as occur with obstruction over a fraction of a min¬ 
ute would be “damped” to some extent. The lower 
venous pressure in the initial phase of venous ob¬ 
struction might also be a “damping” factor. 

In Table III, blood flow in the great toe meas¬ 
ured calorimetrically after indirect heating supple¬ 
mented by TEAC is compared with blood flow 

TABLE n 


T)se effect of venous obstruction on digital blood flow 


Digit 

Time 

of 

obstruc¬ 

tion 

Flow 

before 

obstruc¬ 

tion 

Lowest 

flow 

during 

obstruc¬ 

tion 

Flow 

after 

obstruc¬ 

tion 

Maximum 
per cent 
change 
in flow 

Great Toe 

mxn, 

9 

cc.lsg.cm.l 

min. 

0.23 

cc.lsg.cm.l 

min. 

0.14 

cc.lsg.cm.l 

min. 

0.24 

-39 


4 

0.21 

0.15 

0.30 

-29 


4 

0.08 

0.05 

0.08 

-38 


4 

0.17 

0.14 

0.18 

-18 


3 

0.15 

0.12 

0.14 

-20 


3 

0.05 

0.04 

0.09 

-20 


3 

0.17 

0.11 

0.15 

-35 


3 

0.23 

0.17 

0.23 

-26 


3 

0.15 

0.16 

0.16 

+ 7 


3 

0.25 

0.18 

0.28 

-28 


2 

0.23 

0.23 

0.26 

0 


2 

0.13 

0.08 

0.10 

-38 


2 

0.21 

0.18 

0.24 

-14 


2 

0.16 

0.13 

0.16 

-19 


2 

0.16 

0.13 

0.15 

-19 


i 

0.06 

0.06 

0.06 

0 



0.15 

0.12 

0.16 

-20 



0.12 

0.13 

0.13 

+ 8 



0.19 

0.18 

0.18 

— 5 


i 

0.28 

0.12 

0.30 

-57 



0.19 

0.15 

0.19 

-21 


i 

0.14 

0.14 

0.13 

0 



0.11 

0.11 

0.11 

0 


X 

0.17 

0.17 

0.17 

0 



0.16 

0.16 

0.18 

0 

Finger 

3 

0.28 

0.26 

0.32 

-32 

3 

0.41 

0.22 

0.51 

—46 


3 

0.16 

0.06 

0.12 

— 63 


3 

0.20 

0.18 

0.22 

-10 


3 

0.38 

0.24 

0.39 

-37 


3 

0.15 

0.08 

0.14 

-47 


3 

0.23 

0.18 

0.19 

— 22 


i 

0.30 

0.26 

0.28 

-13 


i 

0.24 

0.21 

0.24 

-13 



0.35 

0.31 

0.38 

— 11 


X 

0.42 

0.36 

0.41 

— 14 


1 

0.16 

0.15 

0.16 

— 06 


X 

0.26 

0.23 

0.26 

— 12 


1 

0.28 

0.24 

0.28 

—14 



0.39 

0.36 

0.40 

— 08 


i 

0.25 

0,21 

0.23 

— 16 


X 

0.25 

0.22 

0.25 

— 12 


1 

0.29 

0.25 

0.29 

— 14 


X 

4 

0.28 

0.22 

0.27 

— 21 
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TABLE IK 



Age 

Indirect heating 
and TEAC 

Spinal anesthesia or 
sympathectomy 

patient 

and 

sex 

Brachial 

blood 

pressure 


Dosage 

pontocame 

Brachial 

blood 

pressure 

Blood 

flow 



mm.Bt 

cc.jsQXvn.} 

min* 


mnt.Sz 

ccjsgxtn.f 

7nln» 

1 

28 M 

130/80 

0.15 

13 mg. 

143/85 

0.15 

2 

60 M 

128/100 

0,19 

20 mg. 

100/80 

0,12 

3 

ISM 

108/64 

0.25 

8rog. 

mi6o 

0.08 

4 

59 F 

204/84 

0.14 

12 mg. 

160/80 

0.14 

5 

66 M 

132/60 

0.15 

15 mg. 

95/75 

O.IO 

6 

48 F 

108/64 

o.ie 

16 mg. 

100/70 

0,14 

7 

55 F 

96/70 

0.16 

15 mg. 

95/75 

0.19 

8 

42 M 

92/76 

0.21 

16 mg. 

110/70 

0.10 

9 

24 M 

88/70 

0,14 

15 mg. 

90/60 

0.15 

10 

44 

112/72 

0.23 

15 mg. 

85/70 

0.17 

11 

29 M 

82/52 

0.15 

16 mg. 

80/50 

0.07 

12 

29 M 

116/80 

0.15 

12 mg. 

108/80 

0.20 

13 

22 M 

130/90 

0.21 

2 days 
after 
sympa¬ 
thectomy 

110/72 

0.19 


during spinal anesthesia in 12 cases and after sym¬ 
pathectomy in one case. With the calorimetric 
technique blood flow during spinal anesthesia or 
after sympathectomy was no greater, and in many 
cases considerably less, than after indirect heating 
reinforced by TEAC. A decreased systemic blood 
pressure or circulating vasoconstrictive substances, 
such as adrenalin, released by the apprehension 
prior to an operation, might account for the depres¬ 
sion of blood flow during spinal anesthesia in those 
cases in which it occurred. Page, Prince, and 
Reinbard (11) have shown that circulating vaso¬ 
constrictive substances are released from the adre¬ 
nal medullae and the liver of animals by the in¬ 
travenous administration of large doses of TEAC. 
Since the normal range of variation in blood flow 
is shifted only slightly by supplementing indirect 
heating by the administration of TEAC intra¬ 
venously (4) it is unlikely that significant humoral 
vasoconstriction was induced in our patients by 
TEAC, in the dosage used. 

mscvssiox 

It is apparent from these experiments that pro¬ 
longed venous obstruction is incomplete because 
of considerable reflu.v of blood probably via deep 
veins. This reflux may occasionally be great 
enough to accommodate the total influx from the 
arteries. Even with 30 seconds of venous ob¬ 
struction, all the blood is not trapped in the finger 


or toe. We bs-ve no evidence hearing on the first 
five or 10 seconds of venous obstruction where 
digital plethysmographic slopes are usually drawn. 
The calorimetric lag is too great to make successful 
comparisons of Sow at such short intervals. It 
must be pointed out, however, that reSux of blood 
may occur even during this initial phase of ob- 
struction, and may produce a variable error in the 
measurement of blood flow. Xt has also been dem¬ 
onstrated (12) that at high rates of flow increased 
pulse volume makes it more difficult to draw ac¬ 
curate digital plethysmographic slopes. In con¬ 
trast, it is at such high rates of flow that the digital 
calorimeter becomes most reliable (3), In addi¬ 
tion to these factors, it is dear that refle.xes in¬ 
duced psychically, or by the very act of venous ob¬ 
struction, may “break through" the release of 
sympathetic tone by heating alone and less com¬ 
monly by heating together with intravenously ad¬ 
ministered TEAC to distort flow measurements 
dependent on such obstruction. Since it is less 
likely that such reflexes can “break through" 
spinal anesthesia, this factor would also confuse 
comparison between procedures for releasing sym¬ 
pathetic nerve tone. 

In the studies with the foot pletbysmograph (7) 
caudal anesthesia or sympathectomy was compared 
with heat or TEAC rather than a combination of 
the two. The combination may be more effective 
than either of these agents alone in releasing sym¬ 
pathetic nerve tone in the lower e.xtremitres. What 
is more, there may be differences between the re¬ 
actions of deep blood vessels and those of the skin 
(7) making comparison between the r^ults of 
foot plethysmography and digital calorimetry diffi¬ 
cult. The fact, however, that spinal anesthesia is 
no more effective than indirect heating supple¬ 
mented by TEAC in releasing sympathetic ncn.-e 
tone, if the calorimetric technique is used, indi¬ 
cates that the latter procedure releases such lone 
effectively at least in the skin of the toe. 

SUXtStA-CY ANO CONCLUSIONS 

Spinal anesthesia produces no greater release 
of sjTTipathetic nerve tone in the great toe tluin in¬ 
direct heating supplemented by TE.nC wl-.en 
blood flow in the skin is measured calorirnetricatly. 
Factors responsible for discrepancies Ix'f.vecn 
p]eth%'Emographic and calori.metric data were i.n- 
vestigated and arc discussed. 
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The need for improved methods for the deter¬ 
mination and characterization of the protein com¬ 
ponents of human blood plasma requires no em¬ 
phasis. The commonly employed methods for the 
separation of plasma proteins on the basis of 
solubility give little detailed information and gen¬ 
erally yield poor separations (1). Likewise, the 
method of electrophoretic analysis, although of 
unquestioned value, will fail to differentiate be¬ 
tween components of widely differing chemical 
properties and physiological functions if they hap¬ 
pen to have the same mobility in an electric field. 

The present communication describes the adap¬ 
tation of Method 10 of plasma fractionation de¬ 
veloped by Cohn and his associates (2) for the 
quantitative estimation of certain of the protein 
and lipoprotein components in small quantities of 
normal human plasma. The fractionation is car¬ 
ried out at low temperatures using low concen¬ 
trations of ethanol and of various salts, resulting 
in the concentration of each protein component 
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in an tmdenatured state almost exclusively in one 
fraction or another. 

In the present system of analysis, samples of 5 
mL of plasma have been separated by filtration 
into four primary fractions (Figure 1). The con¬ 
centrations of the sertun albumins, -/-globulins, 
a-lipoproteins, and yS-lipoproteins w'ere measured, 
together amoimting to about 75% of the total pro¬ 
teins of normal human plasma. Data have also 
been obtained on the distribution of protein-bound 
carbohydrate (hexose) among the fractions, but 
the information is not yet available which would 
make it possible to ralculate the quantities oi 
spedfic glycoproteins and mucoproteins. 

Although the present communication deals with 
the determination of only four major components 
of normal plasma, the system of separation has 
been designed to allow the incorporation of proce¬ 
dures for the isolation and measurement of other 
components as soon as methods have been worked 
out. In addition to quantitative analysis of the 
major protein components in the plasma the pro¬ 
posed method will facilitate the quantitative esti¬ 
mation of trace components, because each fraction 
contains certain components in higher concentra¬ 
tion and in simpler mixtures than whole plasma. 
Because the proteins are present in various frac¬ 
tions in an unaltered state their biological ac¬ 
tivities remain unimpaired and can be measured. 
The method can, furthermore, be used on abnor¬ 
mal plasmas for the quantitative determination of 
various proteins present in abnormal quantities 
in the plasma of patients with various diseases. 
Such quantitative analyses of abnormal plasmas 
are being carried out at present and will be pub¬ 
lished in a future communication. Recognition 
and characterization of pathological proteins, as 
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they are present in several diseases, such as multi¬ 
ple myeloma and lupus erythematosus, will be fa¬ 
cilitated by this method. 

The method has been designed to be as simple 
and rapid as possible without sacrificing accuracy. 
All operations, including the separations of pre¬ 
cipitates by filtration under vacuum, are carried 
out in the same cold bath. The separations of six 
samples of plasma into the four primary fractions 
can normally be completed in one day by a single 
worker. The buffer solutions employed were 
chosen so that for each step stock reagents are 
added in standard amounts without the necessity 
of performing tedious pH adjustments. Accurate 
separations have been made possible by the use 
of liberal quantities of buffer solutions to wash 
the precipitates on the filters. The use of the 
buffer solutions for washing has the added ad¬ 
vantage that small errors in the pH adjustment at 
any one step are corrected before subsequent sepa¬ 
rations are undertaken, and in this way such er¬ 
rors are prevented from accumulating. 

SYSTEM OF PLASMA ANALYSIS 

Method 10 of plasma analysis employs a sys¬ 
tem in which five or more variables are critically 
controlled: pH, ethanol concentration, ionic 
strength, protein concentration, temperature and, 
in some instances, concentration of dipolar ions 
or of divalent metallic or organic ions.® The con¬ 
ditions at which these variables are fixed, and the 
components known to be concentrated in the dif¬ 
ferent fractions are given in Figure 1. 

In the first step of the procedure, many of the 
largest and least soluble of the plasma proteins 
are rendered completely insoluble, and are sepa¬ 
rated in Fraction I -f II -{- III. The extremely 
low solubility of the proteins of Fraction I + II + 
III under the conditions of this separation is due 
in part to the formation of insoluble salt-like com¬ 
plexes between proteins of opposite net charge (2). 
The y-globulins, most notably, owe their insolu¬ 
bility to combination with yS-lipbproteins and other 
a-globulins and yS-globuIins, including caerulo¬ 
plasmin. In a sense, the components -naturally 
present in the plasma are used as reagents to ef¬ 
fect their own quantitative separation. It will be 

® For more detailed information about the role of these 
variables in protein separations, see Cohn and his col¬ 
leagues (2, 3) and the review by Edsall (4). 


shown below that wide variations in the concen¬ 
trations of ^-lipoproteins and y-globulins do not 
interfere with the completeness of the separation of 
Fraction I -t- II -}- III from Fraction IV -f- V -h 
VI. 

The second step of the procedure involves the 
precipitation in Fraction IV -h V of nearly all the 
proteins which remained in solution after the ini¬ 
tial precipitation of Fraction I + II -f III. In 
this way almost all the plasma proteins are re¬ 
duced to the more stable solid state within a short 
time after the beginning of the fractionation. The 
precipitation is effected by the addition of a small 
amount of zinc acetate without changing the other 
variables. The proteins precipitated as insoluble 
zinc salts include the serum albumins, yS^-metal 
combining protein, aj-glycoproteins, On-mucopro- 
teins, a-lipoproteins, iodoproteins, choline esterase 
and alkaline phosphatase. The zinc salts are 
readily soluble in distilled water and in a variety 
of buffer solutions. Analytical determinations for 
serum albumins and a-lipoproteins were usually 
made on redissolved Fraction IV + V, although 
for certain purposes measurements could be made 
directly on the solution of Fraction IV -{- V + 
VI. However, for the determination of protein- 
bound carbohydrate (as hexose) it is necessary to 
separate Fraction IV -f- V and then to precipitate 
Fraction VI, leaving the free carbohydrate (blood 
sugar) in solution. Serum albumins are esti¬ 
mated as methemalbumin (5), and the a-Iipopro- 
teins from determinations of cholesterol and lipid 
phosphorus. 

Fraction VI, which remains in solution after 
the precipitation of Fraction IV -f- V, contains 
traces of the proteins of Fraction IV + V, and in 
addition an Oj^-acid glycoprotein, small amounts of 
ao-globulins and ^j-globulins, as well as other small 
proteins and peptides, urea, and glucose. The pro¬ 
tein and certain peptide constituents of this fraction 
are precipitated by the addition of barium acetate 
and an increase in the concentration of ethanol. 

The third step of the procedure serves to extract 
from Fraction I -f II -f III almost all the y-globu- 
lins in a nearly pure form, as judged by electro¬ 
phoretic analysis of Fraction II. To accomplish 
this separation, it was found necessary to add the 
dipolar ion glycine to decompose the complexes in 
which the y-globulins are held. The ethanol con¬ 
centration of 15% and the low ionic strength used 
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during the extraction prevents solution of more 
than traces of ;3-globulins. 

The yield of protein in Fraction II is obtained by 
direct measurement with the biuret reaction on an 
aliquot of the solution. When concentration of 
the extract is required prior to electrophoretic, 
ultracentrifugal, or other analyses, the y-globulins 
are quantitatively reprecipitated by the addition 
either of sodium tartrate or of a mixture of sodium 
sulfate and zinc acetate, accompanied by an in¬ 
crease in concentration of ethanol. The use of 
the divalent anions makes it unnecessary to increase 
the ethanol concentration to the point where glycine 
would precipitate along with the y-globulins. The 
precipitates obtained in this way are readil 3 ' soluble 
in distilled water or a wide T-ariety of salt solutions. 

Fraction I + III, which remains insoluble after 
the extraction of the -/-globulins, contains /3-lipo- 
proteins, caeruloplasmin, isoagglutinins, most of 
the components concerned with blood clotting, 
and a number of a-globulins and ft-globulins whose 
characteristics are not yet well understood. The 
use of the technique of fractional extraction for 
the removal of the -/-globulins sen-es to keep the 
components of Fraction I -V- III insoluble from the 


time that they are precipitated in the initial step of 
the procedure until they are redissolved for analysis 
at the very end of the operation. In the solid state 
these components are quite stable and are pro¬ 
tected from various changes, chemical and enz}’- 
matic, which occur rapidly in solution. The yield 
of A-lipoproteins in Fraction I -f III is estimated 
from cholesterol and lipid phosphorus determina¬ 
tions on the redissolved fraction. 

J MATERIALS AND METHODS 

CoUecdon of Blood 

Blood was obtained from male subjects by venipunc¬ 
ture with a syringe containing l.S ml. of acid dtrate deo:- 
trose solution (A.C.D.) for each 85 ml. of blood to be 
drawn. The blood cells were removed by centrifuga¬ 
tion to obtain the plasma, designated as “A.C.D. plasma,” 
which was used for the separations and analyses.® The 
acid citrate dextrose solution contained per liter 26.“ g. 
trisodium citrate (SiA H;0), 8.0 g. citric add monoby- 
drate, and 22 g. de-xtrose. .'.t the same time, for the 
purpose of a reference determination of total protein, ap¬ 
proximately S ml. of blood were dra'.\T: with a dry syr- 

‘ The tendency of the clot to entrap certain proteins to 
a larger extent than ethers prompted cur decision not to 
apply the separation rnethod to serum (6). 




102 


W. LEVER, F. GURD, E, UROMA, R, BROWN, B. BARNES, K. SCHMID, E. SCHULTZ 


inge, and placed in a tube containing a small amount of 
heparin powder. 

Apparatus 

The fractionation was carried out in a — S'C. bath 
containing 50% by volume of ethanol, provided with an 
effective stirrer, and deep enough to submerge the filtra¬ 
tion apparatus to the required depth.'^ For the filtration 
a sintered glass filter cup with a maximum porosity of 14 
microns and a capacity of 60 ml. was used.®> ® This filter 
cup was connected to a 100 ml. round-bottom collecting 
tube by a two-hole rubber stopper. The glass stem of 
the filter cup entered the collecting tube through one hole 
of the stopper. A suction system was connected through 
the other hole of the stopper. The filter cups and attached 
collecting tubes were held in the bath by a rigid amount 
of sufficient size to accommodate 12 such filtration units. 
The availability of 12 filtration units allowed the proces¬ 
sing of six specimens of blood plasma in one day. 

A water aspirator was used to obtain vacuum. A regu¬ 
lating column of mercury was employed to control the 
vacuum,10 and a large carboy was placed in the suction 
line to minimize pressure variations due to the aspirator. 
A steady pressure of 38 cm. of mercury was found most 
effective. 

Adequate cleaning of the glass filter cups as soon as 
possible after use is important. They were first washed 
with soap and water. Thereafter, saturated borax solu¬ 
tion, dilute hydrochloric acid, distilled water, and 95% 
alcohol were drawn successively through the filters under 
negative pressure provided by a water aspirator. (If the 
filters were still plugged, several lots of a 2% aque¬ 
ous solution of duponol were drawn through the filters 
prior to the use of the saturated borax solution.) It was 
found inadvisable to use any one glass filter cup for more 
than ten runs. 

Reagents 

All reagents were freshly prepared from stock solu¬ 
tions at room temperature and precooled to — 5° (or the 
freezing point of the mixture) before use. The stock solu- 

^ A 50 gallon capacity cold bath supplied by the Ameri¬ 
can Instrument Company, Silver Spring, Md. was used. 
The internal dimensions are 21.75 X 37.75 X 15 inches, 
and the temperature was adjustable to within 0.5°C. over 
a temperature range between room temperature and — 29°. 

8 These filter cups are made by the Corning Glass 
Works, and were obtained from Macalaster-Bicknell Co., 
Cambridge, Mass. Filter cups with a maximum porosity 
of 14 microns are marked M; those with a maximum 
porosity of 5 microns are marked F. 

oVery rarely, it was found that the precipitate formed 
by the initial precipitation would pass through the filter. 
In such instances a sintered glass filter cup with a maxi¬ 
mum porosity of 5 microns was used to obtain a clear 
filtrate. 

10 In recent work, satisfactory vacuum regulation has 
been obtained with a Cartesian Manostat No. 6, supplied 
by Emil Greiner Co., 22 N. Moore St., New York, N. Y. 


tions tvere made with C.P. grade reagents without further 
purification. 

Reagent A contained 250 ml. 95% ethanol, and 2.4 ml. of 
sodium acetate buffer, and water to make 1 L. The stock 
sodium acetate buffer consisted of 200 ml. of 4 M sodium 
acetate and 400 ml. of 10 M acetic acid per L. This buf¬ 
fer diluted witli distilled water 80 times had a pH of 
4.00 0.02 in a glass electrode at 25° ([3] footnote 68). 

Reagent A' contained 200 ml. of 95% ethanol, 40 ml. of 

I M sodium acetate, 3.5 ml. of 1 M acetic acid, and wa¬ 
ter to make 1 L. The pH was 5.80 ± 0.05. 

Zinc Reagent contained 54.8 g. of zinc acetate dihydrate 
which was first dissolved in about 500 ml. of water; to 
this solution 200 ml. of 95% etlianol were added, and then 
water to make 1 L. The solution should be kept at re¬ 
frigerator temperature since at room temperature un¬ 
desirable deposition of insoluble material occurs. The pH 
of this solution was 6.5 ± 0.1. 

Barium Reagent contained 10.22 g. barium acetate, 640 
ml. 95% ethanol, and water to make 1 L. 

Reagent B contained 150 ml. 95% ethanol, 45 g. gly¬ 
cine, 3.8 ml. 1 M sodium acetate, 2.6 ml. 1 M acetic acid, 
and water to make 1 L. The pH was 5.20 ± 0.02. 

Reagent B' contained ISO ml. of 95% ethanol, 45 g. gly¬ 
cine, 5 ml. of 1 M sodium acetate, 1.8 ml. 1 M acetic acid, 
and water to make 1 L. The pH was 5.40 — 5.45. 

Citrate Reagent contained 9.0 g. sodium chloride, 7.1 g. 
trisodium citrate (5)A H.O), and water to make 1 L. 

Tartrate Reagent contained 13.8 g. disodium tartrate, 
475 ml. 95% ethanol, and water to make 1 L. 

Suljaic Reagent contained 8.5 g. anhydrous sodium sul¬ 
fate, 4.4 g. zinc acetate dihydrate, 362 ml. of 95% ethanol, 
and water to make 1 L. 

Separation Procedures 

Step No, 1. The initial precipitation of Fraction I -f 

II -1- III, leaving Fraction IV -h V -t- VI in solution, was 
performed as follows. Two ml. of precooled Reagent A 
were placed in the sintered glass filter cup which was im¬ 
mersed in the cold bath within 1 cm. of the lip. Five ml. 
of A.C.D. plasma precooled to 0-2° were added drop- 
wise with stirring, followed by 18 ml. of Reagent A again 
added dropwise with good stirring.^^ After the addition 
was completed, the mixture was stirred for ^ve minutes, 
and allowed to stand for 10 to IS minutes before the vac¬ 
uum was applied. The filtration required about 40 minutes. 

The precipitate was then washed by resuspending it 

If the plasma was placed in the filter cup before any 
reagent was added, it was found that some of the plasma 
penetrated the pores of the filter before precipitation oc¬ 
curred. This resulted in considerable slowing of the 
filtration due to freezing of some of the plasma in the 
filter pores, and cloudiness of the filtrate due to the es¬ 
cape of some precipitable proteins through the filter. On 
the other hand, if larger volumes of reagent were added 
first, the plasma would be exposed initially to excessively 
acid conditions. 

12 Without washing, appreciable quantities of the solu¬ 
ble proteins belonging to Fraction IV -f V -f VI remained 
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in 25 ml. of Reagent A'. The precipitate was at first 
stirred to a thick uniform paste with a small amount of 
the reagent before the rest of the reagent was added with 
constant stirring. The collecting tube containing Frac¬ 
tion IV + V -f VI was left in place to receive the wash¬ 
ings. The vacuum was applied without delay. The fil¬ 
tration required about 30 minutes. 

Step No. 2. As soon as the filtration of the washing 
had been completed, the filtration apparatus was momen¬ 
tarily removed from the cold bath, the receiving flask 
transferred to a wire basket suspended in the cold bath, 
and a fresh receiving flask attached in its place. The 
filtration apparatus was immediately reimmersed. To 
the solution of Fraction IV + V -f VI in the first re¬ 
ceiving flask were added 4 ml. of the Zinc Reagent, caus¬ 
ing copious precipitation. The resulting suspension was 
allowed to stand for IS to 30 minutes in the cold bath 
(overnight was found permissible), and was then poured 
into a new filter cup which differed from the first only in 
that the maximum porosity was 5 microns instead of 14 
microns. The last traces of the suspension in the first 
receiving flask were washed into the filter cup with the 
aid of a few ml. of 0.02 M zinc acetate dissolved in 19% 
ethanol. Filtration was carried out as before. The pre¬ 
cipitate remaining on the filter constituted Fraction IV -h 
V, and was redissolved either in 0.15 M sodium chloride 
or 0.02 M sodium citrate to a volume of 5 ml. for the 
purpose of analysis. 

The filtrate, Fraction VT, contained so little protein 
that frequently it was not subjected to further isolation 
procedures. When desired, the proteins of Fraction VI 
were precipitated by the addition of an equal volume of 
Barium Reagent, and separated as before by filtration 
through a glass filter with a maximum porosity of 14 mi¬ 
crons. The precipitate was washed with two 10 ml. por¬ 
tions of the following reagent: 5.47 g. barium acetate 
monohydrate, 4.39 g. zinc acetate dihydrate, 421 ml. 95% 
ethanol, and water to make 1 L. The precipitate was 
then dissolved in a mixture of 0.5 ml. Citrate Reagent and 
4.5 ml. distilled water, and the resulting solution drawn 
through the filter. The filter was washed through with 
2 ml. of 0.1 M sodium sulfate solution and the washings 
added directly to the dissolved Fraction VI. The Frac¬ 
tion VT solution was made up to 10 ml. with distilled wa¬ 
ter, and placed in a refrigerator for 30 minutes to allow 
the precipitate of barium sulfate to form. The pre¬ 
cipitate was removed by a short centrifugation in an or¬ 
dinary laboratory centrifuge before aliquots of the dear 
solution were taken for biuret and hexose analyses. If 
only the biuret determination was required, it was sufn- 
dent to dissolve the precipitate of Fraction VI in the 
diluted Citrate Reagent 

Step No. 3. The third step of the separation procedure 
involved the extraction of Fraction II from Fraction 

oeduded in Fraction I -f II -f III and appeared subse¬ 
quently in Fraction II, resulting in contamination of the 
y-globulins in Fraction II to the extent of about 20% 
with albumins. Carrying out the initial predpitation at 
higher dilutions did not circumvent this difncultj- as satis¬ 
factorily as did the introduction of the washing step. 


I-f-n-f III, leaving Fraction I-MIT as residue. This 
separation was carried out concurrently with Step Xo, 2. 
Fraction I-f II-r III in the original filter cup was re¬ 
suspended in 25 ml. of Reagent B. As in the previous 
w'ashing with Reagent A', only about 1 ml. of Reagent 
B was added at first, and a thick^ uniform paste was pre¬ 
pared. Thereafter, the rest of the reagent was added 
slowly with constant stirring. The suspension was al¬ 
lowed to stand for one hour with occasional stirring before 
the vaemun was applied. The filtration required approxi¬ 
mately two hours. 

The residue was then washed by resuspending it in 

10 ml. of Reagent B'. Filtration was started without de¬ 
lay. The washings were filtered into the same collecting 
tube which contained Fraction 11. This filtration re¬ 
quired only about 10 minutes. 

The residue on the filter cup, representing Fraction I -r 
III, was removed as completely as possible with a small 
stainless steel spatula. Three small portions of Citrate 
Reagent were drawn through the filter in order to re¬ 
move any protein remaining in the pores. These effluents 
were used to dissolve the paste previously removed with 
the spatula, and the whole was made up to 5 ml. with G- 
trate Reagent and taken for analysis. Allowing the sus¬ 
pension to warm slightly by exposing it to room tempera¬ 
ture facilitated solution.r3 

Repredpitation of the protein components of Fraction 

11 was effected by adding 35 ml. of Sulfate Reagent to 
the Fraction II filtrate and washings. If for subsequent 
assays the presence of zinc ions was undesirable, and 
their removal or neutralization inconvenient, 35 ml. of 
Tartrate Reagent was substituted for the Sulfate Re¬ 
agent*'* In either case, the precipitate was allowed to 
form for one hour before removal by filtration in the 
cold bath through a glass filter cup with a maximum 
porosity of 14 microns. The filtration required about IS 
minutes. The precipitated Fraction II was dissolved 
and made up to 5 ml. with distilled water or 0.15 M so¬ 
dium chloride, 

Amlylical Methods 

Nitrogen determinations were carried out by the mi- 
cro-Kjeldahl method. Non-protein nitrogen (NPN) was 
determined after precipitation of the proteins with 
10% trichloracetic add. 

Biuret determinations ■were carried out by a modifica¬ 
tion of the method of Mehl (7) in which each series of 
readings was standardized against a standard preparation 
of normal human serum albumin ([6] footnote 14).** 
Determinations were made by diluting each aliquot to 
10 ml. with O.IS M sodium chloride before addition of 1 

** A small amount of material often failed to dissolve. 

**When the Tartrate Reagent was employed, precipi¬ 
tation of the protdns was only about 95% complete, but 
could be made quantitative by carrying cert the f.lt.'ation 
at - S'. 

** Crystalline bovine serum albunein. ebtairnb'e irt-er: 
Armour and Co., Chicago, III., muiy be used in plate c; 
the human serum albumin without the reed cf spp’rirg 
any corrections due to the sp-edes difTercnte. 
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ml. of the biuret reagent. The reagent wtis prepared as 
follows. To a solution of 20.5 g. cupric chloride dihy¬ 
drate in 300 ml. of water, 150 ml. of ethylene glycol was 
added, followed by 300 g. of sodium hydroxide in aqueous 
solution, and the whole was diluted to 1 L. with water and 
transferred to a large Erlenmeyer flask covered with a 
watch-glass, and heated for four hours on a steam bath. 
The solution was filtered after cooling. Color develop¬ 
ment was allowed to proceed for 20 to 30 minutes before 
measurement in a Leitz photoelectric colorimeter set at 
550 mM. (Klett and Coleman instruments have also been 
employed.) 

Lipid analyses were carried out on ethanol-ether ex¬ 
tracts prepared as follows. The protein solutions were 
added to about 20 volumes of ethanol-ether mixture (3:1 
by volume), heated to boiling, cooled, and made up to 25 
volumes. Aliquots were taken after filtration for the de¬ 
termination of total cholesterol and lipid phosphorus. 
Total cholesterol was determined by the method of Bloor, 
Pelkan and Allen (8). The photoelectric colorimeter 
was set at 640 Lipid phosphorus was determined by 
the method of Fiske and SubbaRow (9) following the 
ashing procedure of Gortner (10). Color intensity was 
measured at 640 mM. The factor 25.0 was used to convert 
lipid phosphorus to phospholipid. 

Serum albumin determinations were carried out by the 
hemin-binding method of Rosenfeld and Surgenor (11). 

Hexose determinations were made according to a modi¬ 
fication of the method of Sorensen and Haugaard (12) 
introduced by Friedmann (13). The reaction mixture 
contained 1 ml. of protein solution, 2.5 ml. of 1.6% orcinol 
in 50% sulfuric acid (by volume) and 15 ml. of 60% 
sulfuric acid. Color was developed by heating for 20 
minutes at 80°, cooling in ice in the dark for 20 minutes, 
then standing at room temperature in the dark for 30 
minutes. The color was measured at 445 m/i. An equi¬ 
molar mixture of galactose and mannose was used to pre¬ 
pare the standards included in each series of deter¬ 
minations. 

Fibrinogen determinations (clottable protein) were 
made according to the method of Morrison (6). 

Determinations of pH were carried out in the glass 
electrode at 25°, using 1 ml. of reagent solution or of 
protein suspension mixed with 4 ml. of 0.02 M sodium 
chloride. 

Electrophoretic analysis of plasma and of the various 
fractions was used for supplementary characterization of 
the various fractions. The measurements were carried 
out in a sodium diethyl barbiturate-sodium citrate buffer 
at pH 8.6 and an ionic strength of 0.1 by the standard 
procedure employed in this laboratory (14). The buffer 
contained per L. 11.05 g. of barbital, 2.45 g. of sodium 
citrate (2H=0) and SO ml. of IN NaOH. 

Determinations of dry weight, as a method of total pro¬ 
tein determination, were carried out as follows; le 

A length of cellophane tubing O.S inch in diameter was 
weighed, soaked in water, and a knot was tied in one end. 


10 'We are indebted to Dr. M. A. Lauffer, University of 
Pittsburgh, for the general description of this method. 


A known volume of the solution to be analyzed containing 
100 to 300 mg. protein was added from a carefully wiped 
pipette introduced well down inside the bag. A small vol¬ 
ume of distilled water was used to wash down any pro¬ 
tein adhering near the opening of the bag. The bag was 
tied with sufficient slack to avoid squeezing the protein 
solution above the knot and to allow room for expansion 
on freezing. At the same time an equal length of tubing 
was tared and filled with an equal volume of distilled 
water. The two bags were dialyzed for three to four 
days against several daily changes of distilled water. 
The bags were then frozen rapidly by immersion in 95% 
ethanol cooled by a bath of dry ice in ethanol. The frozen 
bags were immediately transferred to a vacuum oven con¬ 
nected to a dry ice-ethanol trap and vacuum pump. The 
temperature of the oven was immediately raised to 75°. 
Constant weight was reached within 12 hours. 

The initial weight of the tubing containing the unknown 
sample was corrected on the assumption tliat it under¬ 
went the same proportionate decrease in weight on dry¬ 
ing as the control. 

Neutralisation or removal of sine or barium ions added 
in performing the separations was found necessary for 
some assays. This was accomplished by one of the fol¬ 
lowing methods. For many purposes it was found suffi¬ 
cient to neutralize the effect of tlie metals by the addition 
of sodium citrate or the more effective ethylenediaminete- 
traacetate without actually removing the metals from 
the solution. When complete removal of the added cations 
was desirable. Fraction IV -1- V, or VI, was dissolved in 
water and passed through a cationic exchange resin col¬ 
umn at 0°. A column of Dowex-SO exchange resin 
10 cm. in height and 2 cm. in diameter resulted in 'removal 
of usually more than 99% of the added divalent metals 
when the protein solution was allowed to pass through at 
the rate of 0.25 ml./cm.Vmin. Since it is necessary that 
the resin column be covered with liquid at all times, liberal 
quantities of distilled water must be passed through the 
column to displace the protein solution. When removal 
of the last traces of metals was not required, it was suffi¬ 
cient to stir the protein solution directly with the resin 
and to wash by decantation. 

Analysis of Plasniu and Separated Fractions 

The analytical procedures were applied to the various 
fractions as follows: 

The trisodium salt of ethylenediaminetetraacetic acid 
was supplied as Sequestrene NA3 by the Alrose Chemical 
Co., Providence, R. I. 

18 The cationic exchange resin, Dowex-SO (plant grade, 
30-50 mesh) may be obtained on the sodium cycle from 
National Aluminate Corp., Chicago 38, Ill., under the 
name Nalcite HCR. The only preparation necessary con¬ 
sisted in washing the resin by swirling in a flask with 
successive volumes of hot distilled water and allowing 
it to settle. This process was continued until the water 
above the settled resin was clear. The resin may be re¬ 
activated by treating for 15 minutes with 0.15 M sodium 
chloride, followed by thorough' washing with distilled 
water. 
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Plasvta 

а) Total protein w-as calculated by applying the factor 
6.73 to the value for protein nitrogen (15).To cor¬ 
rect the values obtained on the A.C.D. plasma ii.e., 
plasma with acid citrate dextrose as anticoagulant) to 
absolute values, the nitrogen determination was repeated 
on plasma from heparinized blood drawn at the saine 
time.20 The factor (N in heparinized plasma/N in 
A.C.D. plasma) has been applied to all data for A.CT). 
plasma and the various fractions.®*^ 

б) Total cholesterol and lipid phosphorus were de¬ 
termined on an aliquot of 2 ml. 

c) Fibrinogen was determined on an aliquot of 1 mL 

d) Serum albumin was occasionally determined on an 
aliquot of 1 ml. made up to 125 ml. with sodium phos¬ 
phate buffer of pH 7.3 and ionic strength 0.3. 

Fraction IV + V 

a) Total protein was determined by the biuret reaction 
on an aliquot of 0.5 ml. 

b) Total cholesterol and lipid phosphorus were deter¬ 
mined on an aliquot of 2 ml. The value obtained for total 
cholesterol was converted into the value for a-lipoproteins 
by multiplying by 623.^- 

c) Serum albumin was determined on an aliquot of 1 


i®In the usage of this Laboratory, “total protein” is 
synonymous wth "total non-dialyzable solids.” This 
practice allows a more direct interpretation of electropho¬ 
retic and ultracentrifugal data than the use of some purely 
arbitrary value such as N X 625, since the contribution cd 
the lipids to the refractive index of plasma or of the frac¬ 
tions is only a little less than that of a corresponding 
weight of protein (14). The theoretical justification of 
such a practice is that in normal fasting plasma all, or 
almost all, of the lipids appear to be present in the form 
of well-defined lipoproteins, and tally should be kept of 
the whole of such components rather than only of their 
peptide part (16, 17). The same argument applies to pro¬ 
tein-bound sugar. The factor 6.73 is most accurately 
employed with pooled normal plasma but obviously will 
not, in general, be correct for highly abnormal plazas. 
For this latter purpose, individual determinations of dry- 
weight are recommended. 

The use of heparin as anticoagulant for the plasma 
to be fractionated was avoided on the advice of Dr. Al¬ 
fred Qianutin who had observed that in such a case Frac¬ 
tion I -f II4- III tended to clot readily. The possibility 
that heparin would affect the solubility behavior of vari¬ 
ous plasma proteins was also a deterrent to its use. 

The value of this factor varied between 1.10 and 1.30, 
with an average of about 120. Comparison with the value 
of 122 which would be predicted (for a plasmacrit of 
0.55) on the basis of simple dilution with the acid ci¬ 
trate dextrose solution shows a varying effect of Ike 
A.C.D. solution on the red cell volume. 

-- For this calculation the percentage of cholesterol in 
the a-lipoproteins was taken as 16 ([3] Table VlII, Frac¬ 
tion lV-1, 1). 


ml. made up to 100 ml. with sodium phosphate buffer of 
pH 72 and ionic strength 02. 

d) Hexose was determined on an aliquot of 1 ml. 

Fraction VI 

a) Total protein was determined by the biuret reaction 
on an aliquot of 5 ml. 

b) Hexose was determined on an aliquot of 2 ml. 
Fraction IV-FV-F VI 

Occasionally the solution of Fraction IV -F V 4- 
was analyzed as a whole for total protein, total cholesterol, 
lipid phosphorus and serum albumin before Step No. 2 
was carried out The presence of the free carbohydrate 
(glucose) of plasma in Fraction R' 4- V -f VI made 
impossible hexose determinations before separation of 
the glucose by washing Fraction VI. 

Fraction II 

а) Total protein was determined by the biuret reaction 
on an aliquot of 5 ml. of the extract of Fraction II be¬ 
fore precipitation. Five ml. of Reagent B' were in¬ 
cluded in the standard and blank biuret reagent mixtures 
to allow for the small enhancement of optical density- 
due to the formation of copper-glycine complexes. Al¬ 
ternatively, 2 ml. of the redissolved Fraction II solution 
were used without the necessity of making allowance for 
the interference of glycine. 

б) Total cholesterol and phospholipid were determined 
on an aliquot of 3 ml. of the redissolved Fraction ll. 

Fraction 1 4- III 

a) Total protein was determined by the biuret reaction 
on an aliquot of 1 ml. 

b) Total cholesterol and lipid phosphorus were de¬ 
termined on an aliquot of 2 ml. The value obtained 
for total cholesterol was converted into the value for F- 
lipoproteins by multiplying by 2.86.-’ 

For the calculation of the total protein in Fraction 
I -F III, the value for the biuret determination was cor¬ 
rected by the addition of the quantity (g. per 109 ml. of 
cholesterol) X 2.14, based on the presence of 75^ total 
lipids in the ^-lipoproteins (17). On the average such a 
correction gave a ratio of total protein to biuret value 
of 127. This calculation may be expected to fail when 
applied to the fraction separated from lipemic plasma 
or plasma containing highly atypical lipoproteins. The 
necessity for including the lipid correction was sho-.vn 
by comparison of the value for total protein obtained by- 
dry weight with the biuret value. For a typical Fraction 
I -F III, the ratio of dry weight to biuret value was 1.19, 
in contrast to ratios of 1.02 and 0.97 for Fractions IV 4- V 
and II, respectively. Because of the small de-.-btiens, it 


For this calculation ti-.e percentage c: ch.oleit-rf/. in 
the ^-lipoproteins was taken as 35, since it •.■rzt fo-and 
trait the cholesterol delermirattion employed i.n this ; ro- 
ced-urc yielded 35rr cholesterc! instea-f cf tl-;; a-.rrrrr ri 
30.97= obtained with a more accurate iroce-Furc (16). 
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7o Total Plasma Proteins 
Average 65.6 108 22.0 2.2 

High 71.7 14.0 32.0 3.3 

Low 59.8 9.3 ( 5.8 0.2 

Fig. 2. Concentration of Total Protein in Plasma 

AND IN THE FoUR PRIMARY FRACTIONS 

has been considered unnecessary for routine purposes to 
apply corrections to the total protein values obtained by 
the biuret determinations on Fraction IV + V and II. 

RESULTS 

Protein Distribution 

Representative data for the concentration of 
total protein in plasma and in each fraction are 
given in Figure 2. The average for each group of 
data is indicated by a horizontal line. Average 
and extreme high and low values for the per cent 
of the total plasma proteins in each fraction are 
shown at the bottom of the figure. 

Cholesterol and Phospholipid Distribution 

The distributions of cholesterol and phospholipid 
among the fractions are shown in Figure 3. The 
mole ratio of cholesterol to lipid phosphorus among 
the fractions is presented in Table I. The quanti¬ 


ties of cholesterol and phospholipid separated in 
each fraction were slightly more variable than the 
total protein (Figure 2) ; yet the constancy of the 
distribution was still striking. Perhaps most in¬ 
teresting was the finding of the fairly constant and 
yet widely differing mole ratios of cholesterol to 
lipid phosphorus in Fractions IV -F V and I + 
III, associated with a-lipoproteins and ;0-lipopro- 
teins respectively (Table I).*‘ Fraction IV + V, 
containing the a-lipoproteins, had significantly 
larger amounts of phospholipids than of choles¬ 
terol; whereas in Fraction I + III, containing the 
^-lipoproteins, the amount of cholesterol was 
greater than that of phospholipids. Some of the 
other contrasting properties of these two groups 
of lipoproteins have been described elsewhere (17). 
The high ratio of cholesterol to phospholipid found 
in Fraction II is characteristic of neither of the 
main groups of a-lipoproteins or ^-lipoproteins, 
and invites further study to establish the form in 
which these lipids are present in Fraction II. 

The proportion of the total cholesterol in the 
esterified form was determined on the fractions of 
six samples of plasma by the method of Schoen- 
heimer and Sperry (18). The average values for 
the per cent esterified cholesterol were 73.4^, 
70.1^ and 76.7% for plasma, Fraction I-F III, 
and Fraction IV -F V, respectively. These re¬ 
sults confirm the essential constancy of the re- 

2* The mole ratio in Fraction I + III, 2.31, is in agree¬ 
ment with the value of 2.11 calculated from the data of 
Oncley, Gurd and Melin (16) for the preparations of 
purified /3-lipoproteins separated from large pools of 
normal plasma. The present values would have been 
slightly lower if the more tedious analytical procedure 
(involving hydrolysis of cholesterol esters) used by 
Oncley and his associates had been employed. 

TABLE I 


Mole ratio of total cholesterol to lipid 
phosphorus in plasma fractions 
Mole ratio cholesterol/lipid P 


1 

Fraction 

Plasma 

I -i-III 

n 

IV -bV 


2.21 

5.75 

1.01 

1.52 


2.33 

4.10 

0.72 

1.63 


2.50 

3.88 

0.80 

1.70 


2.31 

3.90 

0.72 

1.72 


2.18 

5.88 

0.78 

1.88 

Average 

2.31 

4.70 

0.81 

1.69 
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% Total Cholesterol 
Averoge 26.6 4.0 71.4 

High 33.3 6.9 83. f 

Low 18.0 15 54.8 

% Totol Phospholipid 
Average 46.7 1.5 52.8 

High 57.0 2.3 56.6 

Low 33.0 08 51.0 

Fig. 3. Distribution or Cholesterol and Phospho¬ 
lipid AMONG THE FRACTIONS 

lationship between esterified and unesterified cho¬ 
lesterol in the major lipoprotein fractions, first 
shown in fractions prepared by a forerunner of the 
present method (3).=^ 

Fraction VI was found to contain at most im¬ 
measurably small traces of cholesterol and phos¬ 
pholipid. 

Carbohydrate Distribution 

The distribution of protein-bound carbohydrate 
(hcNOse) among the protein fractions is presented 
in Figure 4. The lack of information about the 

** Personal comnaunications from Drs W. M. Sperry, 
M. Mclin, and .4. Ounutin. For more recent stndie*, rec 
Pearsall and Chanutin (19). 



iz+sz: I i+m 3n: 


Fig. 4. Distmbution of Protein-Bound Caeeohydeate 
(Hexose) among the Fpacttons 



tiTs'a' Ptotma Pr5*en 

A-«rS5e 5&5 38 55 t03 

Hi^h 655 60 86 HO 

Lew 5I.I 20 3t 9 3 

Fig. 5. CoNCEtrrRA.norrs or Serum Aleu'mi.v', s- 
LipOTEornNs, ^-Lxron-orrnts and '/-Gucgulins in 
Plasma Dmxirn.'ED ev Chemica-l Ana-lysm cr ret 
Fpachons 
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exact quantities of hexose present in the compli¬ 
cated group of glycoproteins and mucoproteins of 
normal human plasma, coupled with the rather 
general distribution of protein-bound carbohydrate 
throughout the globulins in plasma (20), has 
made it impossible to interpret these data in a way 
similar to the lipid distributions (Figure 5). 
The data are presented as a useful definition of 
normal hexose distribution. The hexose in Frac¬ 
tion VI, normally combined principally with an 
tti-globulin described by Schmid (21), has been 


Aa, a, ft/3,y 

NORMAL HUMAN PLASMA 





FRACTION i+nr 



A r y 


FRACTION n 



A a,o,e, 

FRACTION iz+a: 


Fig. 6. Electrophoretic Diagrams of Human Plasma 
AND OF Three of the Four Primary Fractions 


table II 

Distribution of electrophoretic components in Fraction IV-\-V 


Per cent of fraction 



Albu¬ 

min 

cn 

Ol 

Pi 

Pi 

Fibrin¬ 

ogen 

7 


85 

7 

2 

5.5 

0.5 

— 

- - 


81 

6 

6 

7 

— 

— 

— 


80 

10 

4.5 

5 

0.5 

— 

— 


81 

6 

7 

5 

1 

— 

— 


84 

5 

4.5 

6 

0.5 

— 

— 


84 

7 

3 

5 

1 

— 

— 


82 

6 

5 

6 

1 

— 

— 


79 

10 

4 

6 

1 

— 

— 


84 

7 

3 

6 

— 

— 

— 


78 

12 

3.5 

6 

0.5 

— 

— 


79 

8 

9 

3 

1 

— 

— 


78 

11 

5 

5 

1 

— 

— 

Average 

81.3 

7.8 

4.7 

5.5 

0.7 

— 

— 


found to show marked increases in certain abnor¬ 
mal plasmas. 

Electrophoretic Composition of Fractions 

Typical electrophoretic composition data for 
Fractions IV 4- V, II, and I -f III are presented 
in Figure 6 and in Tables II, III, and IV, re¬ 
spectively. The values for ^Sj-globulins in Table 
II are on the borderline of interpretation, and 
could have been included with the yS^-peak in the 
diagrams. Fraction IV -f V separated on larger 
scales (2) was very rarely found to contain 
^ 2 -globulins. 

Conce7itration of Sermn Albumins, a-Lipoproteins, 
p-Lipoproteins, y-Globiilins atid Fibrinogen 

The concentrations of serum albumins, a-lipo- 
proteins, y8-lipoproteins, and y-globulins are shown 


TABLE HI 

Distribution of electrophoretic components in Fraction II 
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in Figure 5, along with the percentages of the total 
plasma proteins which they represent. Serum al¬ 
bumins were determined by the hemin-binding 
method on Fraction IV 4- V rather than on whole 
plasma in order to avoid errors due to any non¬ 
specific interference of other proteins. 

The quantities of a-lipoproteins and )3-lipopro- 
teins accord well with previous estimates (22, 16) 
based on fractionation studies of large pools of nor¬ 
mal human plasma, and with the studies on indi¬ 
vidual sera reported by Gofman, Lindgren and El¬ 
liott (23). 

In view of the rather satisfactory electrophoretic 
(Figure 6, Table III) purity of the,y-globulms in 
Fraction II, the total protein in Fraction II has been 

TABLE rv 

Distribution of electrophoretic components in Fraction I+III 


Per cent of fraction 



Albumin 

ai 


A 

4* 

Fibrinogen 

y 




13 

53 

27 

7 


— 

3 

9 

55 

23 

10 


— 

4 

10 

SO 

29 

7 


1 

1 

11 

57 

28 

2 


— 

3 

14 

45 

31 

7 


— 

3 

10 

58 

26 

3 


— 

5 

57 

32 

6 


— 

5 

54 

36 

5 


2 

4 

24 

43 

19 

8 


1 

4 

60 

31 

4 


1 

6 

29 

30 

28 

6 


2 

2 

14 

50 

23 

9 


— 

5 

8 

55 

21 

11 


— 

2 

9 

61 

18 

10 

Average 

0.5 

3.5 

13.3 

49.4 

26.5 

6.8 


taken for the present purposes as a measure of the 
total '/-globulins of plasma. Data to be presented 
below concerning the distribution of added -/-globu¬ 
lin, along with considerable experience adth patho¬ 
logical plasmas in which the -/-globulins were ele¬ 
vated, have confirmed the justification for this 
approximation. 

In some of the early studies, fibrinogen v.as de¬ 
termined on Fraction I -f III by the method em¬ 
ployed by Morrison for the study of Fraction I 
(6). These determinations were discontinued 
because of extensive occlusion in the clot of the 
other proteins present in Fraction I -h III, in con¬ 
firmation of the findings of Morrison with Frac¬ 
tion III-O cuglobuHn, a fraction also rich in 


y3-Iipoproteins (24).-® From previous studies on 
citrated plasma in this laboratory (25), using the 
method of Cullen and Van Slyke (26), a corrected 
average value of 0.28 g. fibrinogen per 100 ml., or 
4.04^ of the total plasma proteins may be taken 
to supplement the data of the present series. 

Recovery oj Added Plasma Proteins 

The recoveries in the separated fraction of 
added -/-globuh’ns, )S-metal combining protein and 
/3-lipoproteins were studied. The -/-globulin prep¬ 
aration employed was prepared on a large scale by 
Method 10 (2) and was 99‘fo pure by electro¬ 
phoresis, w-ith albumin as the only impurity de¬ 
tected. The cry-stalline ;3-metal combining pro¬ 
tein (27) and the purified /S-lipoproteins (16) 
were isolated as previously described. Each pro¬ 
tein was added in concentrated solution to one 
half of a sample of plasma so as to raise the con¬ 
centration of the constituent to roughly twice the 
normal, leaving the other half as the control. 
Table V shows the increase in the various fractions 
calculated as per cent of the quantity of the con¬ 
stituent added. 

The distribution of the added -/-globulins be¬ 
tween Fractions II and I -f III was as favorable 
as for normal concentrations. By electrophoretic 
analysis, -/-globulins remained absent from Frac¬ 
tion IV + V, and, as shoum in Table VI, no signifi¬ 
cant changes occurred in the electrophoretic dis¬ 
tribution of Fraction I -f III. 

-« A number of determinations of fibrinogen were made 
on separate samples of the plasma by the method of 
Morrison (6). The data were corrected on the assumption, 
based on an extrapolation of the data of iforrison, that 
occlusion of other proteins amounted to 40% of the tveight 
of the fibrin. The range of t-alucs so obtained was 0.15 
to 0.43 g. per 100 ml., with an average of 0.30 g. or 4.3% 
of the total plasma proteins. 


TABLE V 

Recovery cf added plasma proteins 


P.-otriu adied 

1 


Na'.=.-e 

i 

1 1 

IV -t- v 

” 1 

I - Ml 

Tr-globulins 

X.//00 nl 
0.60 

0 

93 

10 

fl-metal combining 

0.25 

I 0 

0 

0 

protein 

P-lipoprotcxns 

0j9 

i 

1 0 

92 

(as cholesterol) 

0.13 

I 2 

! ’ 

93 
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TABLE VI 

Effect of addition of plasma proteins on electrophoretic 
composition of fractious 


Protein added 

Fraction 

analyzed 

Per cent of fractions 


Albu¬ 

min 

m 


Pt 

Pt + 
Fib. 

y 

7 -globuIins 

I-flll 

Before 

1 

7 

6 

4 

25 

3 



After 

4 

6 

56 

29 

4 

/S-metal comb. 

IV-l-V 

Before 

83 

9 

3 

5 

— 

— 

protein 


After 

78 

8 

4 

9 

— 

— 

(3-Iipoproteins i 

I-flll 

Before i 

— 

6 

58 , 

30 

6 



After 


5 

66 

1 

21 

8 


The y8-metal combining protein, due to the small 
amount added, failed to cause a change in the 
gross distribution of the proteins among the frac¬ 
tions (Table V). However, the electrophoretic 
data showed clearly the marked increase in 
globulins in Fraction IV + V (Table VI), whereas 
no changes were observed in the other fractions. 

The recovery of /3-lipoproteins in Fraction I -{- 
III, and the failure to contaminate the a-lipopro- 
teins in Fraction IV + V, were striking. Table VI 
shows the absence of any significant increase in 
the small quantity of y-globulins present in Frac¬ 
tion I -h III. 

These recovery experiments confirmed the se¬ 
lectivity of the separations, and showed that con¬ 
siderable increases in at least certain of the plasma 
proteins did not derange the system of fraction¬ 
ation. It was particularly important that large 
variations in the proportions of the strongly inter¬ 
acting components, y-globulins and /8-lipoproteins, 
could be tolerated in the separation of Fraction 
I 4- II -f III and the subsequent extraction of 
Fraction II. 

SUMMARY 

1. Method 10 of plasma fractionation developed 
by Cohn and his co-workers has been adapted for 
the quantitative estimation of several protein and 
lipoprotein components in small quantities of nor¬ 
mal human plasma. 

2. In the system of analysis presented in this 
communication samples of 5 ml. of plasma were 
separated by filtration into four fractions and the 
amounts of albumin, y-globulins, a-lipoproteins and 
/8-lipoproteins were determined. In addition, the 
distributions of cholesterol and phospholipid and 
of protein-bound carbohydrate (hexose) among 
the fractions were studied. 


3. The proteins arc present in the various frac¬ 
tions in an unaltered state. Their biologic activi¬ 
ties arc unimpaired and can be measured. 

4. Of interest is the concentration in Fraction 
II of more than 90% of the y-globulins of the 
plasma in a purity exceeding 90% by electropho¬ 
retic measurements. The other three fractions 
contain mixtures of unrelated proteins. 

5. The plasma lipoproteins are divided into 
two primary groups; the a-lipoproteins in Frac¬ 
tion IV -f V contain a considerably higher pro¬ 
portion of phospholipids to cholesterol than the 
,S-lipoproteins in Fraction I + III. 

6. Added amounts of various pure proteins 
were in each case recovered in the appropriate 
fractions, proving that even large variations in the 
proportions of the various proteins do not inter¬ 
fere with the system of fractionation. 
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Ferguson’s (1, 2) concept of a role for proteo¬ 
lytic enzymes (3) in the mechanisms of blood 
clotting was that of a weak digestive action “dis- 
aggregating” (Pope, 1938) the complex unions of 
plasma proteins with calcium and thromboplastic 
phospholipid (probably cephalin), thereby mobiliz¬ 
ing or making available these activators and thus, 
in a sense, “catalyzing” the prothrombin activa¬ 
tion (4). Observations believed to support such 
a theory included: 1) the clot-aiding effects, par¬ 
ticularly referable to the conversion of prothrombin 
into active thrombin, on adding (crystalline) tryp¬ 
sin (2, 4); and 2) the evidence, not altogether 
conclusive (4) nor confirmed (5-7), that prepa¬ 
rations of serum protease (tryptase, plasmin, or 
fibrinolysin) resemble pancreatic trypsin in many 
ways although differing significantly in others (3). 

The establishment of crucial data in this, as in 
all work on the problem of the conversion of pro¬ 
thrombin to thrombin, is technically difficult be¬ 
cause of the biochemical complexities, the pres¬ 
ence in the natural clotting system (e.g. plasma) 
of unrecognized factors (some of which have re¬ 
cently been revealed), and questions as to con¬ 
taminants (the known ones being demonstrable) 
in even the purest of the isolated reagents available 
to date (4). From the start (1939) of our work 
with the enzyme problem we have accepted the cur¬ 
rent, and still valid, working hypothesis that, under 
all ordinary (“physiological ”) circumstances, pro¬ 
thrombin requires for its activation free Ca-ions 
and a phospholipid-containing material for which 
the terms “thromboplastin” or "thrombokinase” 
are commonly used. It has more recently been 
shown by a number of workers that other factors 
are also involved and evidently must have been 
unwittingly provided in the test materials of all 
early experiments. Our own observations (8) 

^ This investigation was supported by a research grant 
from the Division of Research Grants and Fellowships of 
the National Institutes of Health, U. S. Public Health 
Service. 


that, with very carefully purified and treated re¬ 
agents, no thrombin could be detected in over 24 
hours in mixtures of prothrombin, brain thrombo¬ 
plastin, and calcium salt, but required the addition 
of another factor or factors which could be sup¬ 
plied in the form of Ware and Scegers’ (9) “serum 
accelerator globulin” (AcG) preparation, caused 
us to add this reagent to the purified test systems 
in the present studies. Under these circumstances, 
as in the past, we feel that our studies are con¬ 
cerned primarily with the basic “thromboplastic” 
mechanisms. 

The present work commences with the confir¬ 
mation of the clot-aiding effects of trypsin and of 
serum fibrinolysin on ordinary plasma and supple¬ 
ments this with an experiment on platelet-free 
plasma. Proceeding thence to the study of throm¬ 
bin formation from highly purified prothrombin 
(with added AcG), a number of enzyme prepa¬ 
rations, activators, and inhibitors have been tested, 
in various combinations, in an effort to shed fur¬ 
ther light upon the possible mechanisms of action 
of the proteolytic enzymes in such clotting systems. 
The thromboplastic role of platelets in relation to 
these phenomena has been given special attention. 
The weight of evidence eventually leads to the con¬ 
clusion that whereas trypsin does seem to act with 
parallelism of its clot-aiding and proteolytic effects, 
serum fibrinolysin can still aid thrombin forma¬ 
tion (in these systems) even when the proteolytic 
action is reduced greatly or abolished by appropri¬ 
ate enzyme inhibitors. This must suggest another 
factor in the serum enzyme preparation, the pos¬ 
sible nature and mode of action of which are in¬ 
vestigated and discussed. 

MATERIALS 

1. Borate buffer solution, pH = 7.75, specific resistance 
170 ohms (at 2rC), effective ionic strength O.OSS, 
contained (per liter) : 11.25 gm. HjBOj, 4 gm. 
Na,B.O„ 12 H.O, 2.25 gm. NaCl. 

2. Plasma, oxalated or citrated, was prepared from dog 
or beef blood. In special studies, cited in the text. 
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(a) “deplateletized” plasma (PFP) was prepared by 
the silicone technic (10) and long centrifugation 
(tnultispeed) in the refrigerated centrifuge; (b) "de- 
fibrinated” plasma (FFP) was obtained by heating at 
SrC for one-half hour and centrifugation; (c) “pro- 
thrombin-free” plasma (S.PI.) was obtained by five 
successive filtrations through Seitz pads, according 
to the method of Owren (11)- 

3. Serum, obtained from beef blood, was rendered pro¬ 
thrombin-free by adsorption with BaSO< (12). 

4. Fibrinogen; (F,) 0.5-1.0% solution in borate buffer 
of Armour’s bovine fibrinogen (Fraction I). This 
was free from fibrinolysin but contained small traces 
of prothrombin which, for many tests, was removed 
by BaSO, adsorption (Fj). 

5. Purified prothrombin (Pro), bovine, preparations 
of Dr. W. H. Seegers (Wayne University), stock solu¬ 
tion (0.1%) in borate buffer. The solutions used in 
most of the cited experiments contained an insigniBcant 
trace of thrombin (clotting times with Fj > 30 min.) 
and some "accelerator” factor (s), but the latter was 
always supplemented with added AcG. 

6. Accelerator globulin (AcG), bovine “serum tjpe,” 
preparation of Drs, A. G. Ware and W. H. Seegers, 
stock solution (0.1%) in borate buffer. It contained 
traces of prothrombin and a minute amount of throm¬ 
bin, considered non-significant in the dilutions em¬ 
ployed for the cited experiments. 

7. Thromboplastins: Tpln. A, a highly active thrombo¬ 
plastin prepared from acetone-dried dog brain; Tpln. 
B, Schieffelin’s stabilized (horse brain) thrombo¬ 
plastin, courtesy Drs. E, W. Blanchard and C. F. 
Gerber. 

8. Fibrinolysin (Lysin) : purified preparation from beef 
serum, courtesy Dr. E. C. Loomis (Parke Davis Co., 
Detroit). 1% stock solution freshly prepared im¬ 
mediately before use. 

9. Anti fibrinolysin (AFln) : purified bovine preparation, 
courtesy Dr. Loomis. 

10. Trypsin (pancreatic) ; (Tryp.), commercial prepara¬ 
tion (Fairchild Bros., Foster, N. Y.) ; Crystalline 
trypsin (XT), courtesy Dr. M. Kunitz (Rockefeller 
Institute, Princeton). 

11. Soybean inhibitor (antiprotease): crystalline prepa¬ 
ration (SBI), courtesy Dr. Kunitz. 

12. Pancreatic inhibitor (antiprotcase) (PI) : Sharp and 
Dohmc (Lot P. A-97-1), courtesy Dr. L. A. I^zal, 

13. IVashed platelets (Plat) : 100 ml. dog blood collected 
into 13 ml. 3.4% sod. citrate. Repeated centrifuging 
for a few minutes at 1000 r.p.m. until red cells no 
longer visible in sediment Platelets then recovered by 
one-half hour centrifuging at 5000 r.pm., resuspended 
and well uashed tlircc times by thorough mixing with 
successive 50 ml. saline (containing 14 vol. 3.4% ci¬ 
trate) and a fourth washing in plain 0.9% NaG. 
Final sediment suspended in 1 ml. saline gave a con¬ 
centrated preparation, Wright-stained smears of which 
showed only granular platelet material with no leuko¬ 
cytes and only a rare crytlirocyte. Grinding the 
platelet sediment with distilled water on a number of 


occasions did not modify its behavior in our test 
systems. The thoroughness of the washing is be¬ 
lieved satisfactory for the virtual absence of plasma 
contaminants. 

14. Thrombin (Thr.) : bovine thrombin (Up)ohn’s). Cour¬ 
tesy Dr. J. T. Correll. Stock solution in borate buffer 
(100 u./ml.), diluted as required. For the tests of 
Table VII a spedal preparation was made and used 
as described in the text 

Effects of Fibrinolysin on Clotting of Recalcified 
Plasma 

In numerous eiqjeriments on oxalated plasma 
(dog; beef), optimally recalcified, Loomis’ fibri- 
nolysin consistently reduced the clotting-times, 
e.g. beef plasma (26°C) ; 1') control, 330 sec.; 2) 
shorter clotting-times, with increasing lysin, to 135 
sec. “optimum” at 1.5-2.0 mg./ml. lysin; S) lessen¬ 
ing effects with further amounts of enzyme, e.g. 
205 sec. at 6,0 mg./ml. In the last test, the clot 
lysed in one-half hour, whereas at 1.5-2.0 mg./ml. 
(optimal for clotting), fibrinolysis was incomplete 
in 48 hours at room temperature. That the inhibi¬ 
tory effect of plasma antilysin is responsible is 
evident from clot-lysis times for any single con¬ 
centration of lysin tested in o) plasma clots, b) 
pure fibrin clots—see Table I. 

Effects of Proteases, etc. on Clotting of Recalcificd 
Deplateletized Plasma 

Deplaleleliced citrated dog plasma (PFP; see 
Materials) was used for the tests of Table I. 
Triplicate clotting tests immediately after prepara¬ 
tion of PFP, using 0.9% NaQ diluent and simple 
recalcification at room temperature, showed no 
clotting until 32-36 hours. The marked clot-ac¬ 
celerating effects of 4 mg. Loomis’ fibrinolysin, of 
25-100 fig. ciystalline tiypsin, and of a diluted 
(suboptimal) brain thromboplastin, are evident. 
Five-tenths mg. soybean inhibitor reverses the clot 
acceleration in all cases, but particularly in the 
case of trypsin. 

In these and other experiments we have made with de- 
platelctizcd plasmas, dotting in times exceeding half an 
hour appeared to involve som.e unexplained questions cf 
r.on-spedfic factors relating to colloidal stability, rather 
than specific ("throm.boplastic") factors, like Lhosc in l5;e 
data of Table I, which have a verj* marked in-finenre in 
reducing the dottmg tim.t. 

As in all plasma e.xperimenls, f!bri.".ol%-:ic effects 
are weak because of natural antilysin and prob- 
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TABLE I 

Effects of proteases, etc. on clotting limes of plalelcl-poor plasma 
Clotting times and lysis times, at SS^C, of 0.5 ml. citrated dog plasma (platclct-poor: silicone technic), recalcificd with 
0.1 ml.M/10 CaClj, in presence of 1.0 ml. additional volume of borate buffer (pH = 7.75) containing the amounts of other 
reagents noted, oo = no lysis in 10 days. 



1 

Inhibitor 

1 

Activator 

Clottinf: time 

Lysis-time 

ri.a3m,-i clot 

Std. fibrin dot (13) 

1. 

0 

0 

1 

2000 see. 

CO 


2. 

SBI (0.5 mg.) 

0 


2880 sec. 

CO 


3, 

0 

Lysin (4 mg.) 

127 sec. 

5 days (tr.) 

5i min. 

4. 

SBI (0.5 mg.) 

Lysin (4 mg.) 

525 sec. 

00 

l|-2 days 

5. 

0 

XT (tryp.) 

(25f.g.} 


365 sec. 

4-5 days 

9 min. 

6. 

SBI (0.5 mg.) 

XT (tryp.) 

(2SmE. 


2490 sec. 

CO 

5 days 

7. 

0 

XT (tryp.] 

{50pg. 

i 

168 sec. 

2-3 days 

5^ min. 

8. 

SBI (0.5 mg.) 

XT (tryp. 

(SOpg. 


2400 sec. 

CO 

5 days 

9. 

0 

XT (tryp. 

(lOOpg. 


118 sec. 

18 hours 

3 min. 

10. , 

SBI (0.5 mg.) 1 

XT (tryp.j 

(lOOpg.j 

i 

1800 see. 

CO 

4} days 

11, 

0 

Tpln. B (dil.) 

65 sec. 

CO 


12. 

SBI (0.5 mg.) 

1 

Tpin. B (dil.) j 

352 sec. 

00 



ably also, in part, due to instability of the enzyme 
preparations over the long periods (days). The 
standard clot (fibrin) lysis times included in the 
last column of Table I afford a reliable measure of 
respective lytic potencies (13). 

Effect of Fibrinolysin on Conversion to Thrombin 
of Prothrombin in Fibrinogen-Free Plasma 

In several experiments, beef plasma heated to 
SFC for one-half hour and centrifuged from the 
coagulated protein was obtained fibrinogen-free, 
by tests with purified thrombin. Table II shows, 
by means of the shortening clotting times of suc¬ 
cessive samples removed after the stated incuba¬ 
tion periods and tested on fibrinogen, the progres¬ 
sive thrombin formation in such fibrinogen-free 
plasma after recalcification, with and without 
fibrinolysin added. The evident shortening of the 
time required to reach the best (i.e. quickest) clot¬ 


ting time and the fact that this is faster (12 sec.) 
with the lysin present than in the control (21 sec.), 
show that the enzyme acts by facilitating thrombin 
formation. Any tissue thromboplastin will give 
similar results. 

Effects of Fibrinolysin and Other Activators on 
Thrombin Formation from Purified 
Prothrombin 

Table III shows, by means of clotting times 
(sec.) of samples of various thrombic mixtures 
added to test fibrinogen after the stated incuba¬ 
tion periods, the relative amounts of thrombin 
formation from a purified prothrombin solution. 
We have presented a critical analysis of this method 
in a recent publication (4). In brief, the shortest 
clotting time reached measures “complete” con¬ 
version of prothrombin to thrombin under the 
particular test conditions, while the incubation 


TABLE II 

“Thromboplaslic” action of fibrinolysin in activation of prothrombin in recalcified fibrinogen-free plasma 
Two and five-tenths ml. plasma (beef: defibrinated at for one-half hr.), recalcified with 0.25 ml. M/10 CaCb, 
with (i) 0.75 ml. borate buffer (control) or (2) 0.75 ml. 1% lysin. After stated incubation periods, 0.25 ml. samples tested 
with 0.5 ml. 0.5% fibrinogen (Fi), noting clotting times (sec.), at 26®C, pH — 7.75. 
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Incubation period (min.) 

1 _—-- 

mm 
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period needed for this is a measure of the effective¬ 
ness of the activator factors. Since calcium is op¬ 
timal and a sufficiency of other known accelerators 
is supplied in the AcG added (perhaps presump¬ 
tively), the “thromboplastic” factor is believed to 
be the significant variable. We have not included 
in the present work any attempt to define a throm¬ 
bin “unit” or "percentage” (of prothrombin ac¬ 
tivated), since mere inspection of the data in each 
experiment suffices clearly to bring out the essen¬ 
tial points of comparison. Thus, in the experi¬ 
ments of Table III: 1) No clots in one-half hour 
shows inadequacy of calcium and AcG alone to ac¬ 
tivate the purified prothrombin solution; 2) fibri- 
nolysin, in addition, has so little effect as to be 
practically negligible; 3) platelets, on the other 

TABLE in 

Effects of fihrinolysin and other activators on thrombin 
formation from purified prothrombin 
Clotting times (sec.), at 26‘’C, pH = 7.75 (borate 
buffer), for 0.5 ml. Fj -h 0.25 ml. throrabic mixture (after 
stated incubation periods), containing 0.2 ml. Pro. (0.t%), 
0.1 ml. AcG (0.1%), 0.5 ml. M/20 CaCIi, and other acti¬ 
vators in amounts specified, with borate buffer solution to 
total volume 5 ml. « = No clot in one-half hr. 



Activators 


loojbatioa period (min.) 



1' 

3' 

5' 

10' 

20' 

40' 

CO' 

t. 

0 

— ^ 

— ' 


« 

«a 


OB 

2. 

Lysin (3 mg.) 

— 

— 

390" 

380" 

368" 

335" 

320" 

3. 

Plat. (0.S ml.) 

420" 

155" 

60" 

21" 

— 

— 

18” 

4. 

Lysin (3 mg.) 
Plat. <0.5 ml.) 

75" 

22" 

16" 

11" 

II" 

— 

10" 

s. 

Tpln.A(0.Sml.) 

240" 

120" 

10" 

10" 

10" 

10" 

10" 


hand, contribute a definite “thromboplastic” ef¬ 
fect and result in a fairly satisfactory thrombin 
formation, although inferior to a typical potent tis¬ 
sue thromboplastin (tests 5). The fact that lysin 
and platelets, acting in conjunction (tests 4), pro¬ 
duce the best activation, though not yielding more 
thrombin (10 sec. clotting time optimum) than in 
tests 5, argues strongly for a "platelet thrombo¬ 
plastin potentiating” (FTP) action of the enzjTnc. 

Clot-Aiding Effects of Platelets 

The designation of the mode of action of plate¬ 
lets as “thromboplastic” in the preceding section 
would not only be in line with the definition and 


TABLE TV 

Effect of "washed platelets as an "accelerator" of the activation 
(ff AcG-ffoor prothrombin 

Two and five-tenths ml. vol. “thrombic mixtures" (T) 
containing borate buffer (pH = 7.75), 0.1 ml. Pro. (0.1%), 
0.25 ml. CaClj (M/20), and activators noted._ Clotting 
times (sec.) of 0.5 ml. F- -f- 0,25 ml. T (at stated incubation 
periods): 26'’C 



Activztots 

Incubation time (min.) 


ml. (dflation) 

5' 

10' 

20* 

40' 

60' 

1. 

Tpln., 0J2S 

420" 

300" 

202" 

141" 

110" 

2. 

Tpte.. 0.2S 

Plat., 0.1 

390" 

240" 

80" 

22.4" 

IS" 

3. 

Tpla., 0,25 

AcG, O.I (0.001%) 

300" 

140" 

52" 

-25.8" 

20A" 

4, 

Tpln., 0J5 

AcG. 0.1 (0.1%) 

11.4" 

9.4" 

8.0" 

7.S" 

7.6" 


working hiqiothesis presented in the introduction, 
but the presence of added AcG (ineffective, with 
Cia alone) would argue against the platelet activa¬ 
tors being significantly of the type supplied by se¬ 
rum accelerator globulin. Since a paper by Ware, 
Fahey and Seegers (14), appearing while the pres¬ 
ent studies were in progress, claimed that platelets 
supplied very little thromboplastin, but signifi¬ 
cant amounts of AcG, and some factor (probably 
of the type we call "fibrinoplastic” [15]) which 
aids the thrombin-fibrinogen reaction, these claims 
were catefully and lepeatedly investigated with 
our platelet preparations. 

Table IV is a typical experiment to illustrate 
how little "AcG-like” action was found in these 
well-washed platelet preparations. The poor 
thrombin formation in tests 1 indicates the de¬ 
ficiency of AcG in the chosen prothrombin, so that 
optimal calcium and tissue thromboplastin are in¬ 
sufficient activators in the hour incubation period. 
Compare the excellent activation in 4, with plenty 
of AcG added. Platelets (tests 2) produced rela¬ 
tively little effect, roughly comparable to the 
weaker AcG addition in 3, which amounts to a 
concentration of only 1:2,500,000 in the final 
thrombic mixture. 

Tested on thrombin-fibrinogen mi.xlurcs, our 
platelets showed, if anything, a few seconds’ pro¬ 
longation of clotting times and no "fibrinoplastic” 
enhancement of clotting at several dilutions. V,’c 
did find some evidence tiat a commonly encount¬ 
ered instability of thrombin solutions v.as apt to 1/e 
less in the presence of pktclcts, however. 
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Effects of Varying Fibrinolysin Concentrations 

{Platelets Constant) and of Varying Platelet 
Concentrations {Fibrinolysin Constant) on 
Activation of Purified Prothrombin 

These experiments were performed by our 
usual technic of following the activation of pro¬ 
thrombin by means of the clotting times for fibri¬ 
nogen (Fo) of samples of the various thrombic 
mixtures, removed after stated incubation periods. 
The 2.5 ml. mixtures contained 0.1 ml. Pro. 
(0.1%), 0.25 ml. CaClo (50mM), 0.1 ml. AcG 
(0.1%), and the activators studied. From the 
series of data obtained, only the clotting-time val¬ 
ues at a single incubation period were selected for 
comparing the effects of varying amounts of the 
fibrinolysin or platelet activators, and the ac¬ 
companying graphs are plotted in this way. 

In Figure 1 the three curves A, B, C are, re¬ 
spectively, the clotting times (sec.) of samples 
tested after one, five, and 60 min. incubation. The 
mixtures all contained 0.1 ml. platelet preparation 
but the fibrinolysin concentration was varied and 
is expressed as mg. per 2.5 nil. of the mixture. 
Curve is from another experiment and, there¬ 
fore, not quantitatively comparable with B, but, 



FIBRINOLYSIN CONC. IN MGM. PER 2.5 CC. 
ACTIVATION MIXTURE 


Fig. 1, Effect of Varying Fibrinolysin Concentra¬ 
tion WITH Platelets Constant 



VOLUME OF PLATELETS IN CC. 


Fig. 2. Effect of Varying Platelet Concentration 
with Fibrinolysin Constant 

by extending the lysin concentration up to 9 mg. 
it brings out the additional point of an “optimum” 
for the enzyme effect at about 2.5 mg. (per 2.5 ml.) 
in this particular experiment. The data clearly 
. show that the "potentiating” effect of fibrinolysin 
is more marked on the earlier phases of prothrom¬ 
bin activation and does depend upon the enzyme 
concentration, but, according to the 60 min. data 
of Figure 1, C, does not significantly influence the 
final thrombin yield (shortest clotting times). 

Figure 2 is an experiment with fixed and ap¬ 
proximately optimal fibrinolysin (2.5 mg./2.5 ml.) 
but varying the amount of platelet preparation be¬ 
tween 0 and 1,0 ml./2.5 ml. of thrombic mixture. 
The one min. incubation samples are selected for 
the clotting-time test data plotted. 

Figure 3 shows controls (five min. and 60 min. 
incubation samples) in an experiment with varying 
platelets (volumes plotted logarithmically) and 
no fibrinolysin present. The clotting times are 
significantly longer than when lysin is added and 
are expressed in minutes. 




CLOTTING TIME IN SECONDS 3 CLOTTING TIME IN MINUTES 

(AFTER 3 MIN.JNCUeAT«ONj f- 
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LOGARITHM OF PLATELET VOLUME 


Effect of Var\tng Platelet CoxcextkatioN ; 
No Fibrikolvsin Present 



Fir,. 4 Loss of TnronrorL.^STic (I) and Latic (II) 
AcTivnr of PFmT_vsr 


Effects of Thermal Instability of Fihrinolysin on 

its Lytic Potency and on its Platelet Throm¬ 
boplastin Potentiating Effects 

Loomis’ fibrinolysin (1^ solution in borate 
buffer) was allowed to undergo deterioration at 
37”C (water bath) and samples, removed at 
stated interv'als of aging, tested simultaneously for 
1) fibrinolytic potenc}', by the method of Lewis 
and Ferguson (13), and 2) platelet thromboplastin 
potentiating effect, in tests closely similar to those 
described above. Figure 4 plots, against age of 
l}'sin (up to two hours at 37°C), I. fibrinolysis 
times, which lengthen with weakening enzyme po¬ 
tency', and II. clotting times of five min. incuba¬ 
tion samples, which, according to data of the pre¬ 
ceding section, give a relative measure of “throm- 
boplastic” potency. It would appear that the two 
activities of the enzr-me preparation weaken at 
A*er\- similar rates. If the clotting-time data are 
plotted against residual fibrinolytic activit)' (units 
computed from a reference curre [13]), the fig¬ 
ure will resemble the descending portion of cuiy'cs 
B and of Figure 1, in which dilution, instead 
of deterioration, was the method of reducing the 
enzyme activity. 

Effects of Protease-Inhibitors on Conversion of 
Prothrombin to Thrombin, in Presence of 
Brain Thromboplastin, Platelets, and 
Pibrinolysin 

Preliminary to these studies, extensive e.xpcri- 
ments were carried out clearly to establish that I) 
none of the antienzymes inhibited the thrombin- 
fibrinogen reaction. 2) fibrinolysin (0.1'T) bad 
little, if any. effect on strong thrombin ( > 1 n. ''ml.) 
but could lengthen clotting times with weak throm¬ 
bins (< 0.1 u./ml.) due to the opjrortiinity af¬ 
forded for fibrinogcndlysh (rj. f-t]). 

Proceeding to the testing of thrombin forma¬ 
tion from purified prothrombin with ariried .Ac^j 
and optimal calcium and other reagent- ‘■t.-'.'cd. 
the data of Table V record a tepical -erie- of 
perimenlal results. Interpreting tb.e c'.o-.tir.g-ti'v*- 
tests m the usual way. iIk- rc=u!t= indicate nn -t 
significantly that pancreatic inhibitor (PI / r.n.'i 
serum antifibrinolysin LA Fin) r.rc rr,; inhibitor;, 
to the cited lhroml>^ipla.stic agents (ttln. ,A or 
plat.-Iysin mixtitres) even though the;.- rrcver.’-d 
clot lysis in th'- fibrinolvsin-ri-.nnaini-g t'-’’-- 
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TAllI.E V 


Effcds of aiitifirotrasrs on Ihromhophtslic n^rnt'; 

Onc-lcnlli ml. Pro. (0.1%), 0.1 itiI. .AcG (0.1 Co), 0.25 ml. C:i (M/20), ncliv.'Uor.', anti inliihitors statorl, anti borate 
buffer to 2.5 ml. vol. Cloltins: lime.*; (.sec.) of 0.25 ml. nii.>:(nre + 0.5 ml F|, at stated incubation lime.s, 25°C. 






Incnb.ition time (win.) 



.Activators 

Inhibitor.*! 







lilt, (couc.) 

nil. (cone.) 

s' 

1 

10' 1 

1 

M)' 

1 ,0' 

r,o' 

1. 

Tpln. A, 0.25 

‘ 0 

22.5" : 

I7.I" i 

15.2" 

' 15.0" 

14.2" 

2. 

Tpln. A, 0.25 

, SBI, 0.1 (0.01%n) 

•L50" 

420" 

450" 

' 450" 

380" 

3. 

Plal., 0.1 




1 



Lysin, 0.2 (0.5%,) 

0 

I 40" 

25.2" ' 

21.8" 

1 21.3" 

21" 

4. 

Plat., 0.1 

Lysin, 0.2 (0.5%) 

1 SB L 0,1 (0.1%) 

1 

630" 

! 

135" 

42" 

, .18.5" 

.35.4 " 

5. 

Tpln. A, 0.25 

0 

25.5" 

21.1" 

lO.V' 

j 18.4" 

1 19.6" 

6. 

1 Tpln. A, 0.25 

14,0.1(0.1%) 

2S.S" 

23..!" 

2LS" 

21.5" 

: 20" 

7. 

i Plat., 0.1 






8. 

Lysin, 0.15 (1%,) | 

Plat., 0.1 

Lysin, 0.15 (1%) 

0 

29.1" 

23" 

' 

22" 

t 22" 

22" 


PI. 0.1 (0.1%) 

j 

28" 

1 


19.9" 

20" 

i 20" 

9. 

Tpln. A, 0.25 

0 

22.5" 

15.4" • 

14.f," 

13.1" 

12.2" 

10. 

Tpln. A, 0.25 

LA.Fln. 0.15 (0.5%) 

28.5" 

22.4" 

20.6" 

21.2" 

21" 

11. 

Plat., 0.1 


1 




12. 

Lysin, 0.15 (1%) 

0 

58.2" 

29.3" 

24.6" 

24.3" 

25" 

Plat., 0.1 

Lysin, 0.15 (1%) 

*AFln, 0.15 (0.5%,) ' 

1 

37.6" 

1 ’4 9" ' 

! 1 

22.4" 

22.2" 

20" 



*A 15 min. incubation period, at 20°C, of antifibrinolysin with tbrombopiastic ajicnt, was used to permit develop¬ 
ment of its antienzj'me effect (13). 


whereas inhibitor-free controls all lysed within 
12-24 hours. Soybean inhibitor (SBI) was ex¬ 
ceptional in inhibiting the brain thromboplastin 
(tests 2), so that it evidently has some "anti- 
thromboplastic” action, despite Avhich its effect 
on activation with plat.-lysin (tests 4) is strongly 
inhibitory only in the earlier activation phases. 

Effects of Aniiprofeases oil Thromboplastic Action 
of Trypsin-Platelet Mixtures 

Similar experiments to those in the preceding 
section were performed with pancreatic trypsin 


(tryp.) instead of fibrinolysin. and wnth the anti- 
proteascs PI and AFJn previously used. The re¬ 
sults are given in Table VI. Plere platelets alone 
(tests 1) and trypsin alone (tests 2) gave very 
slow and inadequate activation of the prothrombin- 
AcG-Ca mixture, whereas plat. 4- tryp. (tests 3) 
exerted a marked thromboialastic effect on the 
thrombin formation. In contrast to the previous 
results with fibrinolysin, the trypsin synergism 
with platelets was apparently complete^ blocked 
by both the tested inhibitors, PI (tests 4) and AFIn 
(tests 5). 


TABLE VI 

Effects of a^iHproteases on thromboplastic action of trypsin-platelet mixtures 

Two-tenths ml. Pro. (0.1%), 0.2 ml. AcG (0.1%), 0.5 ml. Ca (M/20), activators and inhibitors stated, and borate 
buffer to 5 mi. vol. Clotting times (sec.) for 0.25 mixture 4- 0.5 Fx at stated incubation periods (25 C). 



-Activators ml. (cone.) 

Inhibitors mt. (cone.) 

j Incubation time (ikj'ii.) 


1 ---— 

1 5' 

10' 

20' 

40' 

60' 

1. 

2. 

3. 

4. 

5. 

Plat., 0.1 

Trvp., 0.3 (0.01%,) 
Plat., 0.1 

Tryp., 0.3 (0.01%) 
Plat., 0.1 

Tryp., 0.3 (0.01%) 
Plat., 0.1 

Tryp., 0.3 (0.01%,) 

0 

0 

1 

0 

PI, 0.1 (0.1 %o) 

AFIn, 0.3 (4%o) 

1 720" 

182" 

47" 

660" 

710" 

540" ! 

1 140" 

1 29.5" 

1 

1 240" 

1 

j 490" 

270" 

95" 

26.5" 

175" 

1 205" 

100" 

58" 

23.5" 

113" 

103" 

65" 

51" 

23.2" 

96" 

71" 
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'‘Thromboplastic" Tests zeith Enzymes (sans 
Platelets) and Anti-Enzymes 

Numerous tests on prothrombin, AcG. calcium 
mixtures, with fibrinolysin and with trr'psin, but 
without any platelet or other added thromboplastin, 
merely confirmed the all but negligible "thrombo- 
plastic” effects of the enzymes alone. None of 
the inhibitors (SBI, PI, AFln). acting alone, have 
significant effects except for some inhibition of 
the very minor thrombin formation (seen in con¬ 
trols) by SBI. The differences with enzyme-r 
inhibitor combinations were slight and chiefly a 
matter of failure to inhibit the minor actions of 
fibrinolysin with PI and .A-Fln. and the blocking 
of minor actions of 0.01% trypsin. There is no 
need to cite these experimental data in detail. 

Is There Thrombin in the Fibrinolysin 
Preparation? 

It is extremely difficult to prepare fibrinolysin 
without significant contamination with thrombin. 
Loomis’ serum enzyme preparation was selected 
for the present studies particularly because it ap¬ 
peared to fulfill the claim (16) to be free from 
thrombin and prothrombin. Owing to fibrinoge- 
nolysis, however, it is difficult to put this to an 
exacting test, but we sought to overcome this diffi¬ 
culty by neutralizing 0.3 ml. IG Usin with 0.3 
ml. 0.5% antilysin (Loomis’) and testing on re¬ 
calcified prothrombin-free fibrinogen (F.,). Even 
this test was inconclusive, however, as a small clot 
did appear in about two hours, persisting for 
at least four da}s (at ZO'C). The antiKsin alone 
caused no clot. 


TABLE VII 

Effects of reeak thrombin on platelet thromboplastin 
One-tenth ml. Pro. (0.1%), 0.1 ml. .AcG 10.1%). 0.25 ml. 
Ca (’M/20), activator.^ cited, with borate buffer to 2.5 mi. 
vol. Clotting times (sec.) for 0.25 mixture -r 0.5 ml. Fi, 
at stated incubation times (26"C). 


1 

1 

' i 

, Activator- 

[ 

I 

Incubslion time 

''mrr.) 



1 (rr.l.) 

1 

1 

[ D 

. 10' 

j 20- i 

40' 

00' 

0. 

0 

i 885" 

■ 913" 

^ 920"j 

970" 

1010" 

1. 

Plat. (0.1) 

! 810" 

1 620" 

1 330" ! 

190" 

97" 

2. 

Pfat. fO.l) 

Thr. (0.25) 

i 

145" 

1 

52" 

1 

77" 1 
— 

12" 

9" 

3. 

) 

! 

Plat. (0.1) 

1 0.5% lysin (0.3)j 

; 60" 

i 46" 

1 

I 

15" i 
! 1 

12" 

9” 


.At the end of this time it had formed a potent 
thrombin, the activity of which was not increased 
by incubation with thromboplastin, indicating that 
unaltered prothrombin was no longer present. 
Several dilutions of the lysin- and thromboplastin- 
free product were examined for the platelet throm- 
bojdastin potentiating action. In tests 2 of Table 
\TI an effect, qualitatively and approximate!) 
quantitatively similar to that obtained with 0.3 mg. 
fibrinolysin (tests 3). is noted. When freshly 
prepared, this particular thrombin dilution clotted 
the lest fibrinogen in 750 seconds, but its potenc) 
decreased fairly rapidly on standing. Owing to 
this thrombin instability, exact control tests, nn'iiif.x 
the j latelets. were impracticable. Such tests were 
attempted, however, and did show, in a reasonabh 
satisfactory manner, that the thrombin itself can-ed 
on!) insignificant shortening of the control (tests 
1) clotting times. 
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AcG, Ca system, with platelets, all proved negative. 
The fractions were then shaken with chloroform, 
following the old method (17, IS) for activating 
fibrinolysin. 

Tests on CHCl^-ireatcd dialysalcs: the usual 
testing for potentiation of platelet thromlioplastin 
was again carried out, with the result that the only 
significant acceleration of thrombin conversion 
was found in Fraction C (30-40% [NI-IJ^SO.,). 

Control tests: I. CliClrtrcated Fraction C, in 
same dilution as in preceding tests, showed {o) 
traces of thrombin, e.g., 0.25 ml. C(dil.) 4- 0.5 ml. 
Fo". clotting time (26°C) 575 sec.; {b) some 
fibrinolytic action, e.g., lysis of foregoing clot in 
about 12 hours. II. The other CHCI;.-trcated 
fractions showed no evidence of thrombin or lysin. 

In view of the data of the preceding section 
(Table VII), the trace of thrombin in CHCL- 
treated Fraction C, as well as the fibrinolysin, and 
possibly other possible factors remaining to be de¬ 
tected, all need critical evaluation. 

It was surprising to find any thrombin at all in the 
above material. Since CHCfi is known to inactivate 
antithrombin, we performed some tests which showed a 
considerable reactivation of thrombin which had lost 
practically all its activity after incubating 24 hours at 
room temperature with {a) Seitz-filtered plasma (S.Pl.) 
or with (6) BaSOj-adsorbed serum. A thrombin-de¬ 
stroying action of CHCfi, seen also with thrombin solu¬ 
tion alone, partly (at least) explains the partial recovery. 
It was found, incidentally, that pancreatic inhibitor re¬ 
tards the antithrombic action and permits the subsequent 
CHCI3 treatment to give bettter thrombin recoveries. 

DISCUSSION 

The present investigations confirm earlier ob¬ 
servations that both trypsin and serum fibrinolysin 
(plasmin or tryptase) exert significant clot-aiding 
■effects attributable to participation in the mecha¬ 
nisms of conversion of prothrombin to active 
thrombin. With purified prothrombin, optimal cal¬ 
cium, and such accessory factors as are supplied 
with added “serum accelerator globulin,” but no 
added thromboplastin (cell- or tissue-factor), these 
enzyme preparations have little, if any, “thrombo- 
plastic” action of their own, the clotting times of 
the thrombic mixtures plus purified fibrinogen 
solution being too long to give significant results. 
In previous studies (4) with potent tissue throm¬ 
boplastins, clotting times in control tests, without 
enzyme, were too short to give more than sug¬ 


gestive evidence that addition of these proteases 
could “potentiate” the thromboplastic action, par¬ 
ticularly in its earlier ])bases. In the present stud¬ 
ies, well-washed platelet preparations, shown to be 
without significant effects other than those of a 
relatively weak “thromboplastic” character, were 
markedly potentiated liy the enzyme materials in 
question. 

This FTP (“jilatclct thromboplastin potentiat¬ 
ing”) effect of the scrum fibrinolysin parallels its 
lytic activity both in dilution experiments and dur¬ 
ing deterioration at 37°C. However, protease 
inhibitors from jiancreas (PI) and from serum 
(AFln) do not abolish the FTP effect, although 
they do inhibit the enzymic fibrinolysis. 

Soybean inhibitor (SBI) has additional "antitlirombo- 
plastic” effects, even for tissue- and platelet-thrombo¬ 
plastins without proteolytic enzyme (Table V), so that its 
effect of at least partly inhibiting the FTP action may 
very well be due to its antithromboplastic instead of its 
antilytic effects. 

In the case of trypsin, however, all the inhibitors 
abolish the two effects simultaneously. Thus, the 
arguments we have previously (4) built up for a 
“thromboplastic enzyme” mechanism accessory to 
the thrombin-forming phase of blood clotting, are 
now still valid only in the artificial test systems 
with pancreatic trypsin. Failure of correlation of 
the two effects in tests with appropriate inhibitors 
(serum antifibrinolysin especially) overthrows a 
large amount of evidence otherwise strongly sug¬ 
gesting a similar role for the natural serum pro¬ 
tease fibrinolysin. The conclusion must be that 
some other factor must be sought for in the enzyme 
preparation to account for its thromboplastin po¬ 
tentiating effects. 

The possibility that this may be a trace of throm¬ 
bin is perhaps suggested by the discovery (Table 
VII) of a significant “FTP” effect of very small 
amounts of thrombin such as may frequently be 
found as contaminants of serum enzyme and many 
other blood preparations. However, the extremely 
minute and possibly doubtful traces of thrombin 
demonstrable in some special tests with the present 
lysin, would appear insufficient to invoke this ex¬ 
planation here. Nor is it probable that the minute 
traces of thrombin, present or appearing in the 
prothrombin-AcG mixtures (which are A'^ery di¬ 
lute), can be implicated, particularly to explain 
the sharp increase in “thromboplastic action 
when the enzvme-platelet activator is used and 
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compared with control tests. It is barely possible, 
however, that these sources of thrombin trace-con¬ 
taminant may require some consideration in ex¬ 
plaining (fully) the thromboplastic action of plate¬ 
lets alone {i.e., without enzyme) as seen in the 
data of Tables III and IV. 

Ware, Fahey, and Seegers (14) found some thrombin 
formation in platelet-activated mixtures containing 
stronger prothrombin (330 u./ml.) but none in an bourns 
incubation with much lower (1.34 u/ml ) prothrombui- 
If their prothrombin contained the usual trace of thront- 
bin contaminant, these results at the higher concentra¬ 
tions would appear similar to ours, whereas at the lower 
concentrations the thrombin contaminant may very well 
have been diluted to insignificance. 

Our preliminary attempts to prepare a “platelC-t 
tVirom’uop’iastm potentiating” iactor, irom appar¬ 
ently thrombin- and prothrombin-free Seitz filtered 
(X 5) plasma, succeeded only in the case of a 
CHCL-treated 30-40^ saturated (NH^)jSO^ 
Fraction C, in which definite traces of both fibri- 
nolysin and thrombin were demonstrated. The 
surprising finding of some thrombin here rais^ 
some new practical questions. Our suggested ejt- 
planation is that some thrombin formation in arti¬ 
ficially treated plasmas may not be detected, y^t 
result in a “metathrombin” (combination of thront- 
bin with natural antithrombin) from which tlirom- 
bic activity is recoverable under certain circunt- 
stances, e.g., following treatment with chlorofonP- 
Many questions as to the state of both prothrombin 
and thrombin in plasma and in serum are opened 
up by these new facts and some special studies on 
these matters are being pursued and have already 
been mentioned in a preliminary communication 

(19). 

On casual obscnation, our FTP factor might appear 
to be acting like the so-called “accelerator” agents, twO 
and possibly more UTics of which base occupied the at¬ 
tention of .a number of recent inicstigators recent 
paper (20) in this Journal adequateU reiicws the cur¬ 
rent status of tlicse factors and particularly gnes evpcfi- 
mental esidence that Seegers’ “serum accelerator globu¬ 
lin" preparation contains both .-Me-xander's SPC.A, (“sc- 
nim prothrombin consersion accelerator") cirf 'labile 
Iactor As we base mentioned earlier, the routine ad- 
liition of a reasonable amount of scrum .\cG in our test 
systems should. y\e bclicye, ensure a sufficiency of the'e 
accelerator factors and m.akc it unnecessary to tntC' 
into any di'Ciission of t’nem in the present coarcctio'L 
Rather, yyc may proceed to consMeralion of our results 
in terms of the ‘ thromlxiplastic" prob’em 


This does bring the present work into relation 
with some other studies in the coagulation litera¬ 
ture, particularly those which give attention to the 
idea of a thromboplastin precursor or “prothrom- 
bokinase” (Collingwood and ^lac^Mahon, 1912; 
Widenbauer, 1943) requiring activation in order 
to provide the “thromboplastic” (thrombokinase) 
factor for the clotting mechanism. In a series of 
recent papers ililstone reviews this literature and 
presents his new experimental data. His first pa¬ 
per appeared while our present studies were near¬ 
ing completion and offered evidence of the enhance¬ 
ment of prothrombin conversion to thrombin in 
the presence of platelets when a (crude) plasma 
“globulin” preparation.w as added. In discussion 
Milstone (21) states; “Conceivably, platelets 
might contain prothrombokinase as suggested by 
Collingwood and MaciMahon, or a platelet enzj me 
might activate the prothrombokinase (‘thrombo- 
plastinogen') of plasma as suggested by Quick 
(1947). The present experiments do not decide 
between these hv'potheses, nor do they eliminate 
other possibilities.” Milstone’s second paper (22) 
contributes some new technics for analj-zing the 
mechanisms of blood coagulation into three phases. 
A “prothrombokinase” preparation from a euglobu- 
lin precipitate of bovine plasma served for the 
study of plasma thrombokinase (thromboplastin) 
formation, with the aid of calcium. A notew orthy 
point in discussion is . . . “thrombin does not 
catalj ze the activation of prothrombin; but its pos¬ 
sible effect on the activation of prothrombokinase 
remains undetermined.” Milstone (23) prepared 
from the BaSO< adsorbate of bovine j)lasma globu¬ 
lins a material (“converter fraction") which . . . 
“hastened both the activation of prothrombin and 

thf* mn\r*r5;mn nf rriirlp 
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are obviously many points of confirmation and 
parallel interest between Milstonc'.s work and our.s, 
both the present and previously published (4). 
However, these serve only to emphasize the com¬ 
plexities of the problem and the final solution 
must await much future investigation. 

CONCLUSIONS 

1. Crytalline trypsin and “purified" scrum fibri- 
nolysin accelerate clotting of ordinary rccalcified 
plasma and platelet-free plasma obtained with the 
silicone technic. 

2. These enzymes accelerate and increase throm¬ 
bin 3 -ields from heat-defihrinated plasma or other 
crude prothromhins. 

3. They have no significant efi'ccts on the 
thrombin-fibrinogen reaction (apart from lytic 
interference) nor upon the activation of purified 
prothrombin with Ca and AcG but negligible 
thromboplastin. 

4. They markedly potentiate platelet thrombo- 
plastic action. 

5. IVell ivashed platelets are thromboplastic, 
but negligibly AcG-like, and nonfibrinoplastic. 

6. The platelet thromboplastin potentiating 
(FTP) effect of fibrinolysin shows an optimal en¬ 
zyme concentration and lessens roughly parallel 
to weakening of lytic potency by dilution or by 
thermal deterioration. 

7. It is, however, not abolished by effective 
antiproteases (antilytic) from pancreas (PI) and 
serum (antifibrinolysin), and only incompletely b)'' 
soybean inhibitor (SBI), which, however, is anti- 
thromboplastic. 

8. The FTP effects of trypsin, on the other 
hand, are completely abolished by the antilytic 
agents. 

9. Very small amounts of thrombin (down to a 
limit) also have a PTP action, but the fibrinoI)'^sin 
used was practical!)^ thrombin-free. 

10. A crude plasma protein fraction obtained at 
30-40% (NH 4 )„S 04 saturation of “prothrombin- 
free" (Seitz-filtered, X 5) plasma, when treated 
with CtICl.., had PTP effects but contained some 
thrombin as well as fibrinotysin. 

11. While many of these data support Fer¬ 
guson’s theory (1) of a clot-aiding role of “throm¬ 
boplastic enzymes,” perhaps still valid for trypsin, 
the inhibitor data controvert this for fibrinolysin. 


After considering (he po.ssibic significance of 
thrombin, there remains (he possibility of a new 
I’TJ’ factor, possibh- the "prothrombokinasc con¬ 
verter factor" postulated by Milstone (op. cit.). 
but apparently unrelated to the “accelerator" fac¬ 
tors about which much work has appeared in the 
recent coagulation literature. 
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Glycosuria occurs whenever the amount of glu¬ 
cose filtered by the glomeruli exceeds the reab- 
sorptive capacity of the tubules. The glycosuria of 
diabetes, therefore, is dependent not only on the 
degree of hyperglycemia but also on the concur¬ 
rent glucose reabsorptive capacity. 

A number of observers have noted that diabetic 
patients sometimes may have little or no glyco¬ 
suria in spite of hyperglycemia (1, 2). Mirsla- 
and Nelson (2) have attributed this phenomenon 
to decreased glomerular filtration rate, especially 
among elderly patients, or to an increase in the 
glucose reabsorptive capacity of the tubules. 

Glucose reabsorption depends on an active trans¬ 
port system which is undoubtedly enzymatic in na- 

1 This work was supported by a grant from the U. S. 
Public Health Service. 


ture (3) and. therefore, is limited by a maximum 
rate, designated Tmo- This transport st'stem ap¬ 
pears to be subject to a varietj- of functional con¬ 
trols including hormones. Indeed, slight reduc¬ 
tion in Tmo after the administration of insulin 
has been observed in the dog (4). while thyroid 
extract has been noted to increase Tmo (5j. 

The present study represents an evaluation in 
man of the effects of diabetes and of insulin on the 
maximum ability of the tubules to reabsorb glu¬ 
cose. 

SUBJECTS AXD METHODS 

Glomerular filtration rate (GFR) and Tmi; were stud¬ 
ied in 12 diabetic patients. Nine non-diabetic subjects 
served as controls. Pertinent clinical data arc summarized 
in Table 1. The duration of diabetes was not Imown 
with certaintj’ in each instance, but was mild to mr)dcrate 
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TABLE I 

Clinical data 


Sex 
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Surface 
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Fasting 

plasma 

gluco^'* 
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pressure 
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j Fundi 
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(J«. m.) 

{years) 

(units per day) 

per cent) 

(ir.m. Hi) 

(preUtn) 


M 

49 

1.62 

1 

10 PZI 

120 

110/74 

0 

; normal 

M 

61 

1.91 

2 

none 
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112/68 
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i normal 
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37 

1.75 
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35 PZI 
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5 mm. per, normal 
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1.91 
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120/80 

0 

' normal 
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45 

1.70 
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5 Reg. 

115 

130/80 

0 

. normal 
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73 

1.74 

1 
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160/90 

0 

trlero-i- vt-M-b 

F 

65 

1.64 
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15 PZI 

159 

140/90 
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■ckrO'!' \ 

F 

45 

1.64 
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10 PZI 
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in severity as evidenced by tlic daily insulin rcfinireinent*' 
and the fasting plasma glucose levels. None of the dia¬ 
betic patients had established hyiiertensive disease. 
Minimal proteinuria was observed in two patients, while 
one patient had slight proteinuria and a few patches 
of e.xiidate in the fundi. Mild to moderate sclerosis of 
the retinal vessels was observed in four patients. 

All e.Kperimcnts were performed in the post-ahsor)>tive 
state. Insulin therapy was witlield for 24 hours prior to 
a study. In each study Tnir: was measured for three or 
more consecutive periods. In 15 of the 21 studies, inulin 
clearance was measured for three 15 to 20 mitiute ])e- 
riods prior to the start of the glucose infusions. Priming 
doses of 50 per cent glucose in water were given intra¬ 
venously in amounts calculated to raise the i)lasma glu¬ 
cose to between 500 and 800 mgm. per cent. The plasma 
glucose level was maintained by a constant intravenous in¬ 
fusion delivered by a calibrated i)ump. The sustaining 
infusion for the diabetic patients contained 15 to 25 per 
cent glucose and was delivered at 5 ml. per minute. 
Twenty minutes were allowed for equilibration between 
tlie start of sustaining infusion and the beginning of the 
ten minute urine collections. 

In the insulin e.xpcriments, regular Lilly or Squibb 
preparations were used. Twenty units were given intra¬ 
venously as a priming dose while 2 units per minute 
were delivered in the sustaining infusion. Again, 20 
minutes were allowed for equilibration before the start 
of the ten minute collection periods. 

Inulin clearance was used as a measure of glomerular 
filtration rate. The plasma inulin level was maintained 
between 30 and 40 mgm. per cent. All urines were col¬ 
lected through a multi-eyed catheter. The bladder was 
washed out at the end of each period except when the 
urine flow exceeded 10 ml. per minute. Arterial bloods 
were obtained at the mid point of each period. 

Inulin was determined by the Harrison modification 
(6) of the Alving, Rubin and Miller method (7). Prior 
to the inulin measurement, glucose was removed from 
each 1 ml. sample of plasma and diluted urine by ex¬ 
posure for 30 minutes to 6 ml. of a 30 per cent yeast sus¬ 
pension. Glucose was determined by a modification (4) 
of the Folin method. Glycolysis was inhibited by the 
addition of a small amount of fluoride to each blood sam¬ 
ple, which was centrifuged immediately. The plasma 
was drawn off within 15 minutes of collection. 

Plasma Glucose Levels and the Ratios of Glucose 
Load to Tina 


T.Mii.r It 

Plti^nui I'Jurn^f Inrh ttnil ruling of idiiro^r loftil In 'J'liir, 
.All pi.ism .1 glucose level-, done on .uteri.d blood. Initial 
and fin.d jil.ism.i gluco-e leveL are reCfirded for the three 
pcrifKls tli.it m.ule U[> e.ich ohsi-rvation. escept tIio=c 
iiiarlced* which consisted of live periods and those ni.irkcdt 
which consisted of four ten niimite periods. 
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I 1 [ j 
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1 

615-7.15 

703 675 

2.01 

2.48 

2 

450 420 

420-402 

1.31 

I..33 

.> 

551 616 

616 516 

1..54 

1.69 

4 

567 606 

548 533 

1.75 

1.93 

5 

470 480 

460 140 

1.25 

1.24 

6 

690 721 

683 613 

2.12 

1.92 

/ 

605-610 

610 5.50 

1.71 

1.91 

8 

4.18-425 

425-318 

1.43 

1.58 

<) 

624-636* 

610-.550* 

1.77 

1.76 

10 

624-654* 

666 -545* 

1.62 

1.65 

11 

765-840* 

.840-780* 

2..30 

2.59 

12 

885-900 

930 -870 

2.55 

2.06 



.\verage 

1.61 

1.70 

13 

910 990 


2.56 

— 

14 

590-600 

620 510 

2.52 

2.15 

15 

1022-1035* 

1401-1368* 

3.44 

4.38 

16 

585-600t 

585-585t 

1.77 

2.02 

17 

504-500 

1.78 


IS 

Sl2-79St 

770-693 

2.98 

2.68 

19 

580-630 

— 

1.72 


20 

410-460 

— 

1.44 

”” 

21 

660-717 

— 

2.34 




.\verage 

2.28 



administered averaged 57 mgm. jicr cent with a range o 
0 to 121 mgm. per cent. A glucose load to PniQ ratio o 
1.5 or higher is generally accepted (4) as being 
quatc to completely saturate the normal tubular rea 
sorptive capacity for glucose. Ratios exceeding this value 
were achieved in all but two of the diabetic patients an 
in all but one of the non-diabetic subjects. The lowest 
ratio of 1.25 occurred in a patient with an unusua > 
high Tm(s. Any error introduced by a too low load of 
glucose would result in a falselj'^ low Tm^;. Because o 
the reduction in Tnv, resulting from insulin administra¬ 
tion, the glucose load to Tnip ratio was maintained a ter 
insulin, even though the load decreased because of t le 
falling plasma glucose level. 

results 


The ranges of arterial plasma glucose levels achieved 
during the measurement of Tmo alone and of Tmo dur¬ 
ing the administration of insulin are recorded in Table 
II. Generally the plasma glucose level was between 500 
and 800 mgm. per cent and rarely varied more than 50 
mgm. per cent during the measurement of Tm^ alone. 
Following the administration of insulin the plasma glu¬ 
cose level with one exception declined in spite of the 
continued glucose infusion. The fall in plasma glucose 
during the measurement of Tm^ while insulin was being 


The values for glomerular filtration rate 
'GFR), Tmo and the ratio of GFR to Tiug ob- 
;erved in 12 diabetic and in nine normal subjects 
.re recorded in Table III along with ..orn.al vaH.es 
.stablislied by Smith (8). GFR and Tn,„ vak.es 

ire corrected to a surface area 0 . scj. i 

The group of nar...al subjects .s not large, bn 

^ ^ ^ a Ttn are in the normal- 

heir filtration rates and TmoS are 
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range established by Smith and his associates (8), 
%vith the exception of one Tmc (patient 20, Table 
III) which exceeded the mean normal plus 2 
standard deviations (375 + 2 X 79.7 = 543 mgm. 
per minute for males, 303 + 2 X 55.3 = 414 mgm. 
per minute for females). 

The diabetic group is also small and, although 
the mean Tmo for both males and females are 
greater than the corresponding normal values, the 
differences are not statistically significant. How¬ 
ever, Tmc exceeded the mean normal plus 2 stand¬ 
ard deviations in five of the 12 diabetic patients. 
Application of the binomial theorem indicates that 
the possibility of this occurring by chance alone 
is remote. Although patients with hypertension or 
those who had frank renal disease were excluded 
from the study, two of the female patients with low 
filtration rates (patients 8 and 12) were the only 
diabetics to have Tmos less than the mean normal 
value.- 

• Three diabetic patients with frank renal disease were 
also studied but e.xcluded from this report These patients 
had glomerular filtration rates of 39, 43, and 70 ml. per 


TABLE m 


Glomerular filtration rate, Tma and ratio of filtration rate to 
Tma in non-diabetic and diabetic subjects 
Glomerular filtration rate (GFR) and Tmo values are 
corrected to a surface area of 1.73 sq. m. 
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t 

Smith (8) 

min.) 
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Normal Male 

131. ±21.5 ! 

375. ±79.7 

ioJ71. ±0.0563 


13 

■ 132 

521 

0.25 

1 U 

133 

306 

0.44 

1 15 

125 

372 

0.34 

' 16 

14$ 

470 

0.32 


1 17 

125 

354 

0.35 


' 1^ 

J46 

402 

0.36 


1 Average 

135 

404 

0J4 

Normal Female 

[ Smith fS) 

II7, ±15.6 

303. ±55.3 ’ 0.395 3=0.0617 

j 16 
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414 

0.28 

1 20 

143 

422 

0.34 


21 

111 

322 

0J4 



- 

— 

— 

l>talK'iic Male 

; 1 
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41.5 

0 29 

, 2 

143 

514 

0.2S 

5 

104 

402 

0 26 

' 4 

112 

377 

0.30 

i 5 

161 

619 

0 26 

(, 

13^ 

450 

0.31 


130 

464 

» 2« 


' uo 0.2; 

S >)I 271 OJJ 

■' tt; 410 O 2S 

in II' 4f,l 0 20 

u 140 405 0 2' 
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TABLE IV 

Effect of insulin on Tma and the ratio of glomerular filtration 
rate {GFR) to Tmo 


Group 

Patient 

Tnuj. mgm. per min. 

GFR/Tpig 

Controljlnsulin 

A 

Control 

Insulin 


Diabetic 

1 

415 

352 

-63 

0.29 

0A7 

±o.os 


2 

514 

496 

-IS 

0.28 

0.32 

-r004 


3 

402 

361 

-41 

0.26 

0.29 

±0.03 


4 

377 

314 

-63 

OJO 

0.36 

-fO.06 


5 

619 

539 

-SO 

0.26 

0.2S 

•M).02 


6 

450 

427 

-23 

OJI 

0.29 

-0.02 


i 

438 

394 

-44 

0.27 

0.32 

±0.05 


8 

271 

197 

-74 

0.34 

0.41 

-H).07 


9 

419 

401 

-IS 

0.28 

OAO 



10 

461 

420 

-41 

0.26 

0.27 

±0.01 


n 

495 

445 

-50 

0.28 

0.31 

±0.03 



226 

204 

-22 

0.29 

0.22 

-0.27 

[Average 

424 

379 

—45 

0.27 

0.31 

±0.04 

Xon-Diabetic 

13 

330 

216 

-114 

0.44 

0.57 

±0.13 


14 

372 

396 

±24 

0.34 

0J2 

-0.02 


15 

470 

416 

—54 

0A2 

0.35 

-r0.03 


16 

402 

404 

—2 

0J6 , 

0.36 ; 

-0.00 


Xormally glomerular and tubular functions are 
closely correlated and the ratio of glomerular fil¬ 
tration rate to Tmo is perhaps the most desirable 
means for comparison of Tm^ among different 
groups of subjects. The average GFR/Tnio ra¬ 
tios of the normal male and female subjects shown 
in Table III do not differ significantly from Smith’s 
normal series. The ratios for the diabetic patients, 
however, are low. When the diabetics are com¬ 
pared to Smith’s normal group, the t values for 
the critical ratios are 5 for the males and 4 for 
females. These values are indicative of a highly 
significant increase of Tnir; in relation to the glo¬ 
merular filtration rate among the diabetics as com¬ 
pared to normals. 

The difference between the male diabetic group 
and the normal group recorded in Table 1\’ is 
barely significant, and the difference between the 
female diabetics and the three normal female.' i- 
not significant. However, the normal groups in 
Table I\* are so small that the comparison v. ith 
Smith’s larger series of normal subjects ajijiear- 
to be the more valid. The measurements of tlii' 
stud}- were made by technique.' identical with 
those of Smith f8). 


Hi 
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rate was measured liefore the start of the glucose 
infusions necessary for the Tnic oliscrvations. 
The filtration rate increased 1 ml. per minute on 
the average in the non-diabetic groti[), and de¬ 
creased 7 ml. per minute in the diabetic group. 

The administration of insulin reduced the Tnir: 
acutely in all 12 diabetic subjects studied (Table 
IV). The decrease ranged from 18 to 20 mgm. 
per minute with an average of 45 mgm. per minute. 
This represented an 11 per cent decrease. The 
ratio of GFR/Tiuo increiised in 10 of the 12 sub¬ 
jects. This was mainly the result of changes in 
Tiug although slight increases in filtration rate 
contributed to the effect in several ]:)atients. The 
latter decreased only 1 ml. per minute on the 
average during the insulin periods as compared to 
those obtained during the measurement of Tnio 
without insulin. A progressive fall in filtration 
rate with no obvious explanation was noted 
throughout the study in one of the exceptions (pa¬ 
tient 12). Insulin was also administered to four 
non-diabetic subjects (Table IV). A decrease in 
TniG occurred in two of these subjects. 

Tiug was measured in one diabetic patient dur¬ 
ing seven consecutive periods without the admini¬ 
stration of insulin. The total length of this study 
was equal to the longest study in which insulin was 
administered. Throughout this control study the 
GFR/Tiug ratio was constant and the difference 
between the lowest and the greatest TiUo values 
was 26 mgm. per minute. 

DISCUSSION 

Five of 12 patients with mild to moderately se¬ 
vere diabetes, uncomplicated by known renal dis¬ 
ease. were found to have Tiug values greater than 
the accepted normal range.® Tiug was above the 
mean normal in 10 of the patients. The two ex¬ 
ceptions had decreased glomerular filtration rates 
although hypertension, proteinuria or other evi¬ 
dences of renal disease were absent. The reduc¬ 
tion in renal functions in these patients may have 
been due to arteriosclerosis of the kidneys, or per¬ 
haps represented the early stages of intercapillary 
glomerulosclerosis. 

o 

3 Richardson (9), working independently, has found 
the Tina to be greater than/the normal range in six of 14 
diabetic patients. j 


The ratio of filtration rate to Tuv; was signifi¬ 
cantly reduced among the diabetic jiatients. This 
appeared to be the result of increased TiiV; values 
rather (ban of decreased glomerular filtration rates, 
for in the majority of jiatients the filtration rates 
were in the normal range. In addition, the low 
filtration rate to Tiog ratios were not due to pos¬ 
sible alterations in glomerular activity induced by 
the glucose infusions. 

The administration of insulin decreased tiie Tnio 
in each of 12 diabetics tested and increased the 
GFR/Tjug ratio toward normal in 10 of the 12. 
Insulin decrca.scd the TiUc in two of four non-dia¬ 
betic subjects. Although slight decreases in plasma 
glucose levels usually occurred after insulin ad¬ 
ministration. this was kept at a minimum by the 
sustaining infusion of glucose. In any case, ade¬ 
quate glucose load to Tin ratios were maintained 
throughout the studies. 

The decreased Tnio after insulin was not due to 
increased utilization of glucose by the renal tu¬ 
bules for this would be reflected by an apparent 
increase in Tnio. Whether the effect of insulin on 
the Tnio was due to insulin itself or to a contami¬ 
nant such as the “hyperglycemic factor" (10) is 
not certain. However, in the present experiments 
and in the doses used, insulin given intravenously 
did not raise the blood glucose values. 

An increase of Tnio in diabetes might be at¬ 
tributed to insulin deficiency itself or might be 
secondary to other hormonal imbalances that may 
play a role in diabetes. The reduction of Tiug ef¬ 
fected by insulin is not readily explicable on the 
basis of the usual concepts of insulin action. Off¬ 
hand, a greater ability of the renal tubule cells to 
transport glucose would be expected. But in any 
case, the decreased Tiug aftei' insulin may explain 
clinical observations in diabetics that are reported 
from time to time such as: “after prolonged in¬ 
sulin therapy the urine ma}' contain sugar even 
though the blood sugar is much lower than before 
treatment and the urine may have been negative 
before insulin therapy was instituted" (1). 

Since insuliti decreases Tiiiq in diabetics, it is 
possible that the differences between the GFR/ 
TniQ ratios of diabetics and non-diabetics may be 
the result of increased secretion of endogenous 
insulin in the non-diabetic occasioned b}'’ the rather 
large loads of glucose. This endogenous insulin 
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would lower the Tiog perhaps maximally and ad¬ 
ditional exogenous insulin would thus have little 
or no effect. In line with this hypothesis was the 
failure of insulin to reduce Thig in two of the four 
normal subjects tested. In'the diabetics the glu¬ 
cose load does not call forth as much insulin, and 
exogenous insulin would be free to exert its ability 
•to reduce Tmo- In view of the equilibration pe¬ 
riod allowed to achieve relatively stable plasma 
glucose levels, this point could not be critically ex¬ 
amined. However, a downward trend in Tmo 
was not apparent in successive periods among the 
non-diabetic subjects. 

CONCLUSIONS 

1. The maximum capacity of the renal tubules 
to reabsorb glucose is above the normal range in a 
significant proportion of patients with mild to 
moderately severe diabetes. 

2. When related to the glomerular filtration 
rate, the glucose reabsorptive capacity is increased 
in diabetics without renal disease. 

3. Insulin reduces the glucose reabsorptive ca¬ 
pacity of diabetics. 
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Cases of lymphatic leukaemia complicated by a 
haemolytic anaemia have been reported by Hadcn 
(1), Singer and Dameshek (2), Wiseman (3), 
Feldman and Yarvis (4) and by Stats, Rosenthal 
and Wasserman (5) among others. It has been 
the commonly held view that such cases are rare 
and that the cause of the anaemia usually found 
in association with lymphatic leukaemia lies in a 
disturbance of erythropoiesis the result of re¬ 
placement of erythropoietic tissue by leukaemic 
tissue. That haemorrhage is also an etiological 
factor in the anaemia in some cases is clear to 
everyone, but that excessive haemolysis may also 
be a factor is by most authors considered an im¬ 
probability. Because of the haemosiderosis which 
they found and the hyperplasia of erythropoietic 
tissue which was demonstrated in some of their 
cases, earlier workers (6-8) believed that exces¬ 
sive haemolysis probably played an important 
role. This view 'was- disputed by Forkner (9) 
who cited the work of Whipple and Robscheit- 
Robbins (10) which showed that there was only 
a little more iron in leukaemic than in normal 
livers. Recently the problem has been reviewed 
by Collins and Rose (11) who admit that exces¬ 
sive haemolysis may be present but state that in 
the case of lymphatic leukaemia the anaemia is due 
in most cases to depression of erythropoiesis. 

It has been the purpose of the present investi¬ 
gation to determine by means of the differential 
transfusions of Ashby whether or not excessive 
haemolysis is an important factor in the produc¬ 
tion of the anaemia of lymphatic leukaemia even 
when the usual signs of excessive haemolysis are 
absent and whether in any cases there is evidence 
of the presence of a haemolytic process not seen 
in normal subjects. 

1 This work was supported by grants-in-aid from the 
Medical Division of the National Research Council. 

2 Associate Professor of Medicine 

” Research Fellows 


E.XPERI^fENTAL METHOD 

The c.nscs .studied were transfused with 500-1,500 ca 
of stored whole blood. The blood had been stored for 
one to four days in the proportion of 400 cc. of blood 
to 150 cc. of an anticoagulant mixture containing 2.3 gm, 
dextrose U.S.P. and 1.7 gm. sodium citrate U.S.P. per 
100 cc. The inagglutinable erythrocytes were counted 
the day after transfusion, then every other day for 10 
days and subsequently at intervals of 10 to 14 days. 
The method of difTcrential agglutination was that de¬ 
scribed by Dacie and Mollison (12). With this method 
it has been found that the standard error of the difference 
between duplicate observations is of the order of 6% of 
the inagglutinable count (13), In the present study four 
counts were made on each specimen, and in some cases 
two counts by two observers. The results have been 
axpressed numerically in the manner described by 
Brown and associates (13) who worked on tlie hypothe¬ 
sis that in some cases of anaemia two processes of eryth¬ 
rocyte destruction could be distinguished and who 
named these the linear haemolytic mechanism and the 
exponential haemolytic mechanism. This method of 
description provides 1) an estimate of the average life 
of the transfused erythrocytes (t), 2) the fraction of the 
transfused erythrocytes which has been destroyed by 
the exponential haemolytic mechanism (F,) and 3) a 
fictitious average life which would have obtained if the 
linear haemolytic mechanism had been acting alone (t,). 
These are derived from tlie equation. 

N _ j . R e.xp (—Let) + 1 * 

No " ^ E.t) j 

which has been found to be the simplest equation which 
reasonably fits the data in those cases where the plotted 
results show considerable curvature. When the decay 
curve is linear the equation becomes 

N = Nod - L.t) 

It has been found by Callendar and colleagues (14) that 


* Notation ... . , 

N = Donor cell count in recipient at time t, million 


per c.mm. . , , , 

No = Donor cell count in recipient immediately 
after transfusion, million per c.mm. 
t = Time measured from transfusion (days) 



f 




= Constants. 


^ Average life of transfused cells measured from 
t = 0 (days) ' 

Average life corresponding to linear com¬ 
ponent (days) 
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in a normal recipient the decay curve is linear and that 
the average life of the transfused erythrocytes is about 
60 days. This corresponds well with the estimates of life 
span of the erythrocyte which have been made by those 
who fed a normal subject glycine containing N“ (15) and 
by those who have used pigment excretion studies as the 
basis for estimation (16). 

The cases which are reported now were not selected 
except with respect to suitability of blood group and ac¬ 
cessibility during the period of observation. 

RESULTS 

Case I, J. H. (48-3506), a man 67 years of 
age had been a known diabetic for 10 years. For 
one year, before admission he had complained of 
dyspnoea and substernal distress on exertion and 
latterly of nocturnal dyspnoea. Examination on 
admission showed moderate enlargement of the 
the cervical lymph nodes, enlargement of the 
liver, a heart which was borderline in size, rales 
over the lower half of both lung fields, and fluid in 
the right pleural cavity. Urinalysis—^trace of 


albumen, varj'ing glycosuria. HGb. 5.8 gm.fo. 
R.B.C. 1,740,000. Haematocrit 18fc. W.B.C. 
650 with 58fo lymphocytes, 16% prol}-mpho- 
cjtes, 4% Ijmphoblasts, 20% poI}'morphonu- 
clear neutrophiles and 2% band cells. Reticulo¬ 
cytes 2.4%. Platelets 31,680, Serum Bilirubin 
0.4mg.%. Fasting Blood Sugar 231 mg.%. Blood 
Urea 33 mg.%. Serum Chlorides 586 mg.%. 
Serum Proteins 6.3 gm.%. with 4.12 gm. albu¬ 
min and 2.18 gm. globulin. Plasma Prothrombin 
Content 62%. Faecal Urobilinogen 631 mg./day 
during a three-day collection by the method of 
Schwartz, Sborov and Watson (17). Bone mar¬ 
row smear showed 6% small lymphocj'tes, 25.5% 
large lymphocytes, 14.5% prolymphocy-tes, 42% 
Ijmphoblasts and an L/E ratio of 9/1. Chest 
x-ray showed a pneumonic infiltration of both 
lung roots and increased markings in the upper 
half of the left lung. C/T ratio of 16.5/30. 
Electrocardiogram—chronic myocardial patholog>'. 
He was treated with rest, digitab’s, insulin, a low 



The dots represent tS-.c actual obseri'atious ar.d the io'ii line has been drav.— ti'.rcurh. p»',:nts 
calculated from the fitted guotatjon. The broken line rcpresenis ti'.e decav cunv in a r.crrr.i! 
subject. 
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sodium neutral ash diet, and Fowler's solution, sclerosis but for two years there had been no in- 
The diabetes mellitus was brought under good crease in the disability from this cause, Urinaly- 
control. He died at home eight weeks after his sis was negative. HGb. 4.4 gm.^o. R.B.C, 1,850,- 
admission to hospital. 000. Haematocrit 17%. W.B.C. 1,050,000 with 

The test transfusion was followed for 21 days. 94% lymphocytes. Reticulocytes 1.0%. Platelets 
When the number of surviving erythrocytes was 60,000. Scrum Bilirubin less than 0.2 mg.%. He 
plotted against time the decay curve was found lived for about 18 months following this admission 
to be linear for that period (Figure 1). It showed to hospital, 

an increased slope as compared with that found The test transfusion was followed for 38 days 
in normal subjects (14) and the calculated aver- and the plotted results showed considerable curva- 
age life of the transfused cells (t) was 23.3 days, turc (Figure 2), The calculated average life of 
Case II, W. H. (27913), a man aged 54 had the transfused cells (f) was IS days and the pro- 
been suffering from disseminated sclerosis for portion destroyed by the exponential haemolytic 
13 j^ears. For six years he had been aware of mechanism (Fp) was 0.34. 
swellings in his axillae and groins and for one Case III, C, W. (49-4189), a man aged 68 had 
year there had been a mass in his abdomen. He noted loss of strength and lumps in his neck for 
also complained of pallor, increasing dyspnoea on one year. There were enlarged lymph nodes to be 
exertion and of oedema of the ankles. Examina- palpated in the cervical, occipital, axillar)', epitro- 
tion showed a pale wasted man with generalized chlear, inguinal and popliteal regions. The liver 
lymphadenopathy, a palpable liver and a greatly edge was just palpable and the spleen was en- 
enlarged spleen. There was the characteristic larged to below the level of the umbilicus, Urinaly- 
evidence of moderately advanced disseminated sis negative, HGb, 9,1 gm.%. R.B.C, 3,200,000 



Fig. 2. Survival of Transposed Erythrocytes in Case II 
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Fig. 3. Survival of Transfused Erythrocytes in Case III 


Haematocrit 29%. W.B.C. 29,800 with 96% during a period four to eight days following his 
lymphocj’tes, 2% pol}Tnorphonudear neutro- test transfusion. Radiotherapy was then discon- 
philes, 1% band cells, 1% myelocytes. Reticu- tinued because his white blood count had fallen 
locytes 1.1%. Platelets 169,000. Serum Bili- to 10,000. He received further radiotherapy si.x 
rubin 0.4 mg.%. Faecal urobilinogen 31.9 mg./ weeks later. He is still alive, a year after the 
day. Lymph node biopsy showed the character- test transfusion. 

istic picture of lymphatic leukaemia. He was The plotted results in this case shov.-ed an in¬ 
given deep x-ray therapy amounting to 300r over creased slope and also some curvature (Figure 
both supraclavicular and both axillaiy- regions 3). The fraction of the transfused cells which 


TABLE I 

Blood counts following the subcutaneous injection of 1 cc. If1,000 adrenalin in Cast IV 



HGb., gm. % 


R.B.C. 

W.B.C. 

Lymphocj-tes, ^ 
Smudge cells, % 
Lymphoblasts, fc 
Nlonocytcs, ^ 
Polymorphs. Fc 


Before 

5 n::3UtC3 

10 IT. 


es 


10.4 10.4 10.6 

3,320,000 3,230,000 3,420,000 

187,000 335,000 299,000 

97 81 

IS 

1 

2 3 


20 rr.L-:*Jt?5 ^ 

IS Tr-.r.a\n 

10.7 

10.6 

3,450,000 ! 

3,250,000 

j 

295,000 

342 r-'O 

75 

4 t 

21 

15 

1 

i 1 

\ 

. 



J I ! 



Platelets 


172,600 


329.400 


1,555,000 


174.000 
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had been destroyed by the exponential haemolytic 
mechanism (Fe) was estimated to be 0.29 and 
the average life of the transfused cells (t) was 
40.2 days. 

Case IV, F. E. B. (49-9730), a man aged 68 
gave a history of fatigue and weakness for three 
years and increasing dyspnoea on exertion for 
one year. For a month he had had a productive 
cough. He was pale and emaciated and showed a 
generalized lymphadenopathy and moderate en¬ 
largement of the spleen. There was marked ar¬ 
teriosclerosis of the Monckeberg type and his 
heart was grossly enlarged. There were numer¬ 
ous coarse rales to be heard over tlie lower lobes 
of both lungs. Urinalysis negative. HGb. 6.95 
gm.^. R.B.C. 2,340,000. Haematocrit 22%. 
W.B.C. 330,000 with 97% lymphocytes, 2% 
polymorphonuclear neutrophiles, 1 % eosinophiles. 
Reticulocytes 1.4%. Platelets 730,080. Blood 
counts following the injection of 1 cc. 1/1000 
adrenalin are shown in Table I. Serum Bilirubin 
0.5 mg.%. Faecal Urobilinogen 56.8 mg./day. 
Serum N.P.N. 48 mg.%. Plasma Protein 6.49 
gm.% with 3.96 gm. albumin and 2.53 gm. glob¬ 
ulin. Sputum contained large numbers of lym¬ 
phocytes, some of them lying in sheets. Chest 
x-rays showed persistent diffuse linear streaking 
and some mottling in the lower halves of both 
lung fields. Two sternal punctures yielded no 
marrow. Treatment with urethane was begun 
nine days after his test transfusion and in the 
next three weeks there was considerable im¬ 
provement with a gain in weight, an increase in 
haemoglobin from the post-transfusion level of 
11 gm.% to 12.1 gm.% and a fall in white blood 
count to 182,000. The improvement continued 
with a daily dose of 4.5 gm. urethane so that after 
three months his white blood count had fallen 
to 23,000. His haemoglobin at that time was 
11.1 gm.%. His lung fields were clear on x-ray. 

The result of the transfusion in this case was 
entirely within normal limits. -The decay curve 
was strictly linear and interrupted the base line 
at 114 days. 

DISCUSSION 

To say that evidence of an increased rate of 
destruction of transfused erythrocytes is evidence 
of an increased destruction of the patient’s own 


cells is to assume that the two are treated by the 
body in tlic same way. That this is not always 
the case has been shown in congenital haemolytic 
icterus (18), nocturnal hacmoglobinuria (12) 
and sicklc-ccll anaemia (19). In these conditions 
transfused cells from a normal donor may survive 
for a normal length of time, though it is obvious 
that the patient’s ow'n cells are being destroyed 
abnormally rapidly. In these three conditions, 
the reverse also holds, and the patient’s cells when 
transfused into a normal recipient are destroyed 
more rapidly than the cells of a normal donor. 
Save in these conditions there is no evidence that 
cells from a normal donor are destroyed in the 
recipient faster than the recipient’s owm cells pro¬ 
vided there arc not present in the recipient anti¬ 
bodies against the donor cells (mis-matched trans¬ 
fusion) and also, possibly, provided the total 
erythrocyte count is not raised by transfusion 
above the recipient's normal count. Such evi¬ 
dence would be admittedly difficult to obtain, and 
the point of identical treatment of the donor’s and 
the recipient’s cells, with the exceptions already 
mentioned, cannot be proven. It can be said, 
however, that in those cases in this and in pre¬ 
vious work (13, 20) where there was the con¬ 
ventional evidence of excessive haemolysis, vis. 
reticulocytosis, and increase in serum bilirubin 
and faecal urobilinogen, the average life of the 
transfused cells has always been markedly di¬ 
minished. It can also be pointed out that the in¬ 
ferences to be drawn from the present work in¬ 
volving the transfusion of cells from normal 
donors into abnormal recipients, followed on a 
comparison of the results of work involving the 
transfusion of cells from normal donors into nor¬ 
mal recipients (14). 

The suggestion has been made that in patients 
with enlarged spleens, some of the transfused 
erythrocytes may be “lost” in the spleen giving a 
falsely low survival time, but there seems no 
reason to suppose that the transfused erythro¬ 
cytes are more likely to be contained in the spleen 
than are the patient’s own cells. That both may 
disappear from the peripheral circulation into 
the spleen is obvious. If the transfused erythro¬ 
cytes were indiscriminately "lost” in the splenic 
pulp, an increase in the exponential component of 
the decay curve would follow and there would 
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be no increase in the activity of the linear haemo¬ 
lytic mechanism if indiscriminate "loss” in the 
spleen were the only abnormal process at work. 
Data which would obtain in this situation have 
not been found in this or earlier series (13, 20). 
Abnormally rapid removal of the transfused eryth¬ 
rocytes by the spleen from the main mass of cir¬ 
culating erythrocytes according to some char¬ 
acteristic of the erythrocytes themselves, such 
as age, would result in a linear decay curve with 
increased slope. Any significant return of these 
cells to the systemic circulation would cause up¬ 
ward deviations of the decay curve which have 
not yet been observed. In summary rebuttal of 
the suggestion that an enlarged spleen may vitiate 
the results in the present experiments, it may be 
said that there is no reason to suppose the trans¬ 
fused erythrocytes are removed from the circula¬ 
tion more rapidly by the spleen than are the pa¬ 
tients’ own cells and that if both are removed 
abnormally rapidly there is no evidence to date 
that they are returned to the circulation in signifi¬ 
cant numbers. 

In three of the four cases of lymphatic leukaemia 
which have been studied, the transfused erythro¬ 
cytes were destroyed at a rate faster than normal, 
which is interpreted as evidence of excessive 
haemolysis in these cases. What part, if any, the 
urethane therapy had in the results of Case IV, it 
is impossible to say. During the period of observa- 


TABLE n 

Survival of transfused erythrocytes in four cases of 
lymphatic leukaemia 


Case No, 1 

Averace life 

(t days) 

As'erace life 
[ corresponding 
to linear 
mechanism 

(ts daj-sl 

Fraction 
j 6esUDye<i by 
exponcniial 
inechaniim 

(Fe) 

1 

23.3 

23.3 

0 

II 

18 

24 

0.34 

III 

40.2 

52.5 

0.29 

IV 

57 

57 

0 


tion liis haemoglobin was maintained at the im¬ 
mediate post-transfusion level and there was a 
marked improvement in his general condition, with 
diminution in size of his spleen and accessible 
lymph nodes. He was, in fact, in a remission. In 
Cases II and III the reticulocyte count and the se¬ 
rum bilirubin, and in Case III the faecal urobili¬ 


nogen, were within normal limits, despite the defi¬ 
nite increase in rate of destruction of transfused 
erjlhroc}'tes. This suggestion that the present ex¬ 
perimental method is a more sensitive indicator 
of excessive haemolysis than those more commonly 
employed has been presented before (20). In 
Cases II and III there was also evidence of activity 
of the exponential haemolytic mechanism. The ex¬ 
ponential haemolytic mechanism has not been seen 
in normal recipients except when the post-trans¬ 
fusion eiythrocyde count has been above normal 
and it has not been evident in this or previous se¬ 
ries except when there has also been increased ac¬ 
tivity of the linear haemolytic mechanism. In Case 
I, the acute case, where the observed portion of 
the decay curve was sensibly linear, it should he 
remembered that the period of obsen^ation was 
only 21 days and that further counts might have 
proidded evidence of the exponential haemolytic 
mechanism. 

These results would seem to show that in at 
least some cases of lymphatic leukaemia the anae¬ 
mia is contributed to by increased haemolysis and 
that in some cases there is evidence not only of in¬ 
creased haemolysis but also of haemolysis of an 
abnormal type. It is not necessary’ in three of 
the present four cases to explain the anaemia en¬ 
tirely on the basis of diminished erythropoietic ac¬ 
tivity, and indeed in Case 11 where the rate of 
haemolysis was more than three times that of nor¬ 
mal, the haemolytic activity was of an order which 
might entirely explain the anaemia found. The 
fact that excessive haemolysis has been demon¬ 
strated in cases where the more usual indices of 
haemolysis have been lacking suggests that it may 
be an important factor more often than is now be¬ 
lieved. In what proportion ol cases this holds, re¬ 
mains to be determined by further work. The 
physiological mechanism and the sites of the difTcr- 
ent types of haemolysis which have been ohsen’cd 
also remain speculative. The question of a rela¬ 
tion bcUveen the two types of haemolytic activity 
which have been demonstrated here and the activity 
of immune bodies which liave been de.'nonstratcd in 
some cases of haemolytic anaem.ia in Icnkac.’nia 
(21) will Inve to be answered by further work. 
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In 1948 it was reported by Heinematm, Jobn- 
son and Man (1) that early in pregnancy the pre- 
cipitable (protein-bound) iodine in the serum 
(SPI) rose to concentrations in the upper range 
of normal or even to levels that outside of preg¬ 
nancy are characteristic of hyperthyroidism. It 
also appeared that if the SPI did not rise, the 
pregnancy was likely to end in abortion, within the 
first four months. Some evidence was presented 
that such accidents might be prevented by the ad¬ 
ministration of active thyroid substance. The 
present paper deals with a further investigation 
of the phenomenon. 

MATERIAL 

Patients from the Qinics of the Department of Obstet¬ 
rics and Gynecology in the New Haven Hospital forin 
part of the material studied. In addition, analyses of the 
serum of patients have been made for members of the 
Qinical Faculty who have permitted the data to be used 
and have generously contributed the clinical information 
required for the purposes of this investigation. Finally, 
a certain number of patients -with disorders of func¬ 
tion of the thyroid were dra%\Ti from the Metabolism 
Clinic. 

In many cases only single observ-ations are available. 
In some, determinations of SPI were made at intervals 
throughout pregnancy. In a limited number observa¬ 
tions were continued into the early postpartum period. 
For obvious reasons, figures preceding pregnancy -were 
only occasionally obtained. In a certain proportion 
of cases scrum lipids were also measured. 

METHODS 

Venous blood was drawn, with precautions against 
contamination by iodine, from patients in the postab- 
sorptive state or alter a meal free from fat (fruit juice, 
black coficc, and toast, cither dry or with jam). Serum 
was removed under anaerobic precautions. Lipids were 
mc.asurcd by the method .of ilan and her associates 
(2-6). Lntil July, 19-59, SPI was measured by the 


' This investigation was supported (in part) bv a re¬ 
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method of Riggs and Man (7) ; after that date by a mi¬ 
cromodification (8). Analytical results by the tvs'o 
methods agree. 

RESULTS 

Normal pregnancy. In Figure 1 are presented 
the values for SPI obtained on one or more oc¬ 
casions from 46 normal women during the course 
of pregnancies that proceeded to term without 
complications. None of these patients received 
thyroid or any medication known to affect thyroid 
function during their pregnancies or in the pe¬ 
riods immediately preceding or following preg¬ 
nancy. Four had goiters without evidence of 
abnormal activity of the thyroid. Of the 56 de¬ 
terminations from the end of 16 weeks until term, 
SPI was onl)' twice lower than 5.6-/ per cent, 
and in all but three instances was 6.0-/ per cent 
or higher. Values lower than 6.0 y per cent were 
only transitory incidents. The average concen¬ 
tration of SPI in nonpregnant normal persons is 
5.0-/ per cent (8). In the last 24 weeks of nor¬ 
mal pregnane}', therefore, SPI was invariably 
above the average normal value for nonpregnant 
persons. It is not uncommon to find values up 
to 10'/ per cent which, outside of pregnancy, 
would denote severe hyperthyroidism. In preg¬ 
nancy, however, such concentrations are associ¬ 
ated with no symptoms, signs, nor metabolic dis¬ 
orders indicative of overactivity of the thyroid 
gland. 

In the same figure is illustrated the course of 
SPI in the progress of pregnane}- in a scries of 
patients in whom repeated observations were 
made. There is no definite tc-ndcncy for SPI to 
rise or fall during the last 24 weeks. It is, ho'.v- 
cver, subject to fluctuations far greater th.r.n t::osc 
that have been obser\-ed in nonpregnant individ¬ 
uals. Variations of 2y per cent over relatively 
short intervals are frea'cent and vari.aticr.' o; as 
much as 4 y per cent h.-ve been cr.cov.r.'.crt^. with- 
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Fig. 1. Serum Precipitadle Iodine (SPI) in the Course of Normal 

Pregnancy 

Crosses represent single observations. Circles connected by lines repre¬ 
sent repeated observations. 


out any discernible disturbances. In normal 
individuals SPI is quite stable (8, 9). 

In many or most instances the SPI rises 
sharply at or near the onset of pregnancy. Con¬ 
centrations in the hyperthyroid range have been 
obtained as early as six weeks after the last men¬ 
strual period. In only one case was an observa¬ 
tion obtained preceding pregnancy. In this case 
SPI had risen from 4.7 to 6.5 y per cent by the 
time the first measurement in pregnancy was 
taken, eight weeks after the last mentrual period. 
In a certain proportion of subjects, however, the 
rise is distinctly delayed ; and in most it continues 
after the initial sharp increase. The same large 
fluctuations observed during the later part of 
pregnancy are evident in these early stages. 
Sometimes, as a result of these fluctuations, SPI, 
after the initial rise, drops down again temporarily 
into the nonpregnant range. 

After delivery SPI diminished again, return¬ 
ing to normal nonpregnant values. The consist¬ 
ency of this fall, like that of the initial rise, indicates 
quite clearly that the elevation of SPI during 
pregnancy is a feature characteristic of pregnancy, 
not of the subjects of this particular study. The 
data are too scanty to permit precise definition 


of the course of the decline. Occasionally it was 
quite precipitate. In most instances it did not 
become evident until the second week postpartum, 
or even later. At first it was rapid, thereafter 
continuing, sometimes for a period of several 
weeks, at a more gradual rate. The possibility 
that these variations may be related to lactation 
deserves inquiry. When the decline was delayed, 
signs of overactivity of the thyroid remained in 
abeyance. The tolerance to high SPI appears to 
persist for an appreciable interval after the termi¬ 
nation of pregnancy. 

In addition to the subjects of Figure 1, 14 ap¬ 
parently normal women are still undelivered at 
the present date. Table I shows the duration of 
pregnancy to date in each case, the SPI values 
and the duration of the pregnancy at the time the 
SPI was measured. In all cases SPI was greater 
than 6,0 y per cent before the end of 16 weeks, 
usually far earlier. In one instance, IB, after 12 
weeks it was 7.9 y per cent. Though it fell 
sharply to 4.0 y per cent at the end of 15 weeks, 
it had returned to 6.2 y per cent in another week 
and thereafter has remained elevated. This il¬ 
lustrates the fluctuations which were mentioned 
above. When MjT was first seen, after eight 
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weeks of pregnancy, without any signs of hypo¬ 
thyroidism, her SPI was only 3.7 y per cent. 
After ten weeks it had risen only to 4.0 y per 
cent. Three weeks later, however, at the end of 
13 weeks it had risen to 6.1 y per cent. After 21 
weeks it had dipped slightly to 5.6 y per cent. 
Its further course has not been determined, but 
the patient is w'ithin six weeks of term. The 
woman appears to be one of those with a delayed 
rise. In t^vo instances SPI was measured before 
pregnancy. In one, RR, it was above 6.0 y per 
cent and had not risen higher eight weeks after 
the last menstrual period. In the other it had 
risen from a prepregnancy concentration of 5.7 
to 7.4 y per cent after six weeks of pregnancy. 
These cases lend support to the thesis that SPI 
normally rises comparatively early in pregnane}' 
to 6 y per cent or more and remains elevated until 
delivery. 

TABLE I 


Undelivered, apparently normal pregnant -momen 


Patient 

Duration of 
pregnancy* 

Weeks after last 
menatnial periodt 

SPI 


aeeks 


■Y ter cent 

C5279 

38 

28 

8.6 

IB 

36 

12 

7.9 



15 

4.0 



16 

6.2 



20 

6.6 



23 

7.0 



27 

7.3 



31 

7.0 



33 

6.9 

C38229 

19 

7 

11.9 

HC 

1 11 

1 8 

7.0 

MD 

22 

1 8 

8.6 

VD 

24 

22 

10.6 

BH 

37 

3 

7.7 



5 

6.0 



7 

6.6 



13 

9.0 



26 

9.0 

MJ 

34 

8 

3.7 



10 

4.0 



13 

6.1 



21 

5.6 

PJ 

16 

9 

7.7 



14 

6.4 

MM 

26 

19 

7.1 



25 

7.0 

Re 

37 

7 

8.1 

RR 

42 

-22 

6-3 



8 

6.2 

CT 

27 

-29 

5.7 



6 

7.4 



10 

7.8 

CcT 

20 

12 

6.4 


* The duradon at the dmc the paper '!''’a 5 tnatten. 
t A minus 5T!:;n denotes th:it the observ'^tion vtzls msde at 
the indicated interval before concepdon. 


TABLE n 


Complicated pregnancies 


Patient 

Weeis after 
last menstrual 
period* 

SPI 

Complication 



•r tetr ceni 


B73578 

20 

8.7 

Diabetes insipidus 

63694 

8 

9.7 

Diabetes mellitus. 




Kimmelstiel-Wilson 


p 26 

7.4 


C2128 

40 

7.4 

To.veraia of pregnane}' 

C22464 

11 

7.5 

Multiple sclerosis 


P I 

6.6 


86295 

17 

6.9 

To.vemia of pregnane}'. 




thrombophlebitis 

C26972 

40 

6.0 

Toxemia of pregnane}' 

C15296 

34 

4.8 

Toxemia of pregnane}' 


40 

4.8 


5911 

a 4 years 

4.1 

Diabetes 


40 

6.0 



P 1 

4.6 


13258 

30 

12.1 

Toxemia of pregnancy 

B77955 

8 

8.4 

Toxemia of pregnancy 

B94664 

8 

7.0 

Toxemia of pregnane}’ 

31123 

8 

7.2 

Vascular disease 


• a denotes that the observadon was made at the in¬ 
dicated interval before pregnancy; p denotes that the 
observadon was made at the indicated interval after 
delivery. 

Abnormal pregnancy. In addition to the pa¬ 
tients with normal pregnandes, 12 pregnant 
women with complications of one kind or another, 
not involving the thyroid gland, were studied. 
The observ'ations on these cases are shown in 
Table II. Of the 12 patients, eight had toxemias 
of pregnane}' or vascular disease, ttvo had dia¬ 
betes, one with a Kimmelstiel-Wilson S}'ndrome, 
one had diabetes insipidus and one multiple 
sclerosis. In spite of these complications, SPI fell 
in the range characteristic of pregnancy in all 
but one case, Cl5296. This patient was studied 
at the end of 34 weeks and again just before 
deliver}'. On both occasions SPI was 4.8 y per 
cent. What it may have been earlier or later is 
unknow'n. In two instances, 63694 and C22464, 
pregnanc}' was terminated: in one for a Kimmel¬ 
stiel-Wilson syndrome, in the other for multiple 
sclerosis. In both SPI fell in the characteristic 
manner after pregnancy. In a patient with dia¬ 
betes, 5911, SPI was measured before, d'uring, 
and after pregnancy. Th.c value d;:ring pregnar.-r.' 
was 1.9 and 1.4 y per cent grc.ater titan tite val'ues 
before and after pregnancy, respectively. These 
complications, therefore, appe,-.r not to medify 
the effects of pregnancy upon SPI. 

There were two piatients with, cctcp’.c p.rr-n- 
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nancies. One, three weeks after her last men¬ 
strual period, had an SPI of 4.0 y per cent. 
Further observations could not be obtained. The 
second, after ten weeks of pregnancy, liad an SPI 
of 8.3 y per cent, which had fallen to 6.8 y per cent 
13 days after operation. 

Abortions. In Table III are epitomized the 
records of 26 patients who aborted within the 
first 16 weeks of pregnancy. SPI was less thati 
6.0 y per cent in 18 of the 26. This suggests that 


failure of SPI to rise during the first 16 weeks is 
conducive to abortion. Such an inference, how¬ 
ever, must be drawn with reservations. In some 
inslanees the scrum was drawn after bleeding or 
cratnps had begun, occasionally on the day of the 
abortion. Under such circumstances it is impos¬ 
sible to tell whether the analysis was made before 
or after the termination of the pregnancy. Some¬ 
times—for example, in Cases DP and MB—the 
abortion definitely preceded the measurement of 


TABLE in 

Scrum prccipitablc iodine of patients who aborted 


Patient 

SPI 

! Weeks* 

Time of abortlonf 
p last SPI 

Tfiyroidf jiivcn 

Remarks 


y per cent 

' 1 


gm.fday 


DB 

5.8 

12 1 

1 day 




3.5 

p 6 



EBr 

4.5 

16 

0 day 




5.2 

p 22 



EKe 

5.6 

E 

0 day 



B68002 

5.4 

7 

9 weeks 



DP 

6.9 

13 

— ? day 


Abortion just before SPI 

NP 

6.5 

11 



5.2 

p 52 1 

? 



C5S10 

7.0 

P 

— 1 day 



ABl 

8.3 

6 

10 weeks 

T 


BH 

2.7 

7 1 





4.7 

p 8 

db 1 day 

T 


MG 

i 5.4 

8 

3 days 

Th 


B98775 

4.6 

15 1 

1 day 

Th 

May have aborted at time of first 

DC 

5.8 

7 1 

T 1 



1 



SPI 


7.5 

10 


Th 



7.1 

12 

1 week 

0.24 


RD 

4.0 

5 


Th 



7.0 

9 

4 weeks 

0.24 


LJ 

4.7 

12 

2 weeks 

Th 


HR 

7.6 

7 


0.12 

Slight bleeding 

1 

6.8 

12 

2 weeks 

0.12 

EBe 

4.7 

6 

3 weeks 

Th 

? Hypothyroid 

El 

5.4 , 

10 

I week 

0.12 


BK 

7.0 

7 

I week 

' 0.03 

’ 

LL 

7.0 

7 

1 week 

0.06 


HS 

4.3 

E 

few days 

0.12 


RBa 

6.5 

a 4 




5.3 

4 

few days 

- 


MB 

6.1 

8 

— 1 day 



IB 

3.3 

12 

few days 

0.18 


VH 

3.8 

E 

few days 


Abortion threatened 

MPoi 

7.3 

13 

0.33 

8.5 

16 

1 day 

0.33 



4.6 

P 4 



MPo2 

2.8 

E 

9 days 

0.12 



4.4 

P 2 



EWi 

4.6 

a 9 





5.2 

9 

! 4 weeks 




4.6 

P 4 





* If not otherwise marked, indicates weeks after last menstrual period; a indicates weeks before conception, p 
cates weeks after delivery. E indicates early in pregnancy, the exact time being unknown. ahorfion- ? that 

t A minus sign indicates that SPI was done after the abortion, 0 that it was done on the day of 1 1 . 

Tt indtatS wa, given intravenonsly immadiattly attar the SPI ,vas done. d/o?fn'aSS 

was given atthe first sign of aborUonf The daily dose if thyroid is liven when the drug was adnnn.stered for an appre 

ciable time. 
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SPI. In other cases, such as B68002 and ABl, 
the abortion occurred so long after the determina¬ 
tion of SPI that it is impossible to relate the two. 
The SPI of B68002, at the end of seven weeks, 
was 5.4 y per cent. It is quite impossible to as¬ 
sert that nine weeks later, when she aborted, it 
had not risen above 6.0 y per cent. Converse!}', 
ABl’s SPI of 8.3 y per cent at the end of six 
weeks may have fallen before her abortion ten 
weeks later. In five cases (DB, EBr, NP, RBa 
and EWi) figimes for SPI before or after preg¬ 
nancy are available for comparison. In every 
case these are distinctly different. In two, DB 
and EWi, the SPI was higher in pregnancy, but 
below 6.0 y per cent. In a third, NP, it was 6.5 y 
per cent in pregnancy. In the remaining two, 
EBr and RBa, SPI appears to have fallen instead 
of rising during pregnancy. In no instance was 
the SPI outside of pregnane}' below the normal 
range. In eight cases SPI was over 6.0 y per 
cent. Whether or not, therefore, a low value is 
incompatible with continuation of pregnancy, a 
high value does not insure against abortion. 
In seven cases thyroid or thyroxine, or both, 
were given at the time SPI was measured, be¬ 
cause of bleeding, without preventing the abor¬ 
tion. In most of these abortion followed so rap¬ 
idly that the thyroid can have had little effect. 
It is possible that some of these patients had 
aborted before the thyroid or thyroxine was given. 
DC, for example, was given thyroxine for bleed¬ 
ing after the seventh week. The bleeding stopped 
and SPI rose and remained high under continued 
treatment with thyroid. At the end of the 12th 
week she bled again. The Ascheim-Zondek test 
at this time proved to be negative. It seems 
highly probable that she actually aborted on the 
earlier occasion. RD, on the other hand, did not 
escape an abortion, despite the administration of 
enough thyroid to raise her SPI from 4.0 to 7.0 y 
per cent. Whether it remained at this level is un¬ 
certain, because the dose of th}Toid was reduced 
from 0.24 to 0.12 gm. between the second de¬ 
termination and abortion. Several patients were 
already receiving variable amounts of thyroid 
when SPI was first measured. In four of these 
El, HS, IB, and MPo,, SPI was low in spite of 
the medication. In MPo., despite 0.12 gm. of 
thyroid daily, SPI w.as lower during pregnanev. 
2.Sy per cent, tb.an it was two weeks after abor- 


TABLE rv 


Patients vho, having previously aborted {see Table UP), 
had successful pregnancies 


1 

patient 

SPI 

Weeks* - 

j 

ThjToid giveaf 

Before 

After 


y fcT emt 


cm./day 

tm./dsy 

BH 

6.5 

8 

0 

0 


5.9 

10 

0 

0 


5.9 

12 

0 

0 

MG 

8.7 

13 

0 

0 

RBa 

6.1 

4 




5.8 

15 

0.09 

0.09 

MB 

5.9 

6 


0.12 


3.9 

10 

0.12 

0.18 


8.0 

11 

0.18 

0.18 


7.1 

18 

0.18 

0.12 

IB 

3.8 

26 

0.15 

0.15 

MPo 

8.3 

10 

0.24 

0.30 


10.0 

16 

0.30 

0.30 


j 8.6 

31 

0.30 

0.30 


* Weeks after last menstrual period. 

t Before indicates that the patient was receiving thyroid 
before ^e detenninau’on of SPI. After indicates that 
medication was begun after the determination of SPI. 

tion, 4.4 y per cent. Although these figures sug¬ 
gest that low SPI conduces to abortion, they per¬ 
mit no definite conclusions, chiefly because only 
single observations are available on subjects who 
did not receive thyroid. It is clear that adminis¬ 
tration of thyroid after bleeding has begun will 
not consistently prevent abortion, even if it raises 
SPI above 6.0 y per cent. 

In Table IV are presented the data from six 
patients who, having aborted in one pregnancy, 
successfully carried through another to delivery. 
The records during the pregnancy that ended 
in abortion have been given in Table III. The 
first two, BH and MG, had no complications nor 
special therapy during their successful pregnan¬ 
cies. Both had, however, far higher SPI’s on the 
second occasions. The SPI of BH after seven 
weeks of her earlier pregnancy was 2.7 y per cent; 
in her successful pregnanc}- it was 6.5 y per cent 
at the end of eight weeks and subsequent figures 
after ten and 12 weeks were 5.9 y per cent. 
MG had SPI’s of 5.4 and S.7 y per cent, respec¬ 
tively. Tlic comparison in this case is not so 
precise as it is in EH, because the analysis in 
the early pregnancy was made after tight v. ceks, 
while in the successful pregnancy it was made 
after 13 weeks. In Loth, instr.n.cc' during the 
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prevent abortion. The remaining four cases 
were treated with thyroid. Among these, RBa 
and MPo had higher SPI’s in tlieir successful 
pregnancies. The remainder were already re¬ 
ceiving thyroid or were given thyroid when SPI 
was first measured. In every case but one, initial 
SPI's were greater than 5.0, and subsequent val¬ 
ues never lower than 5.8 y per cent. The excep¬ 
tion, IB, is quite unique. The only determination, 
made after 26 weeks, was 3.Sy per cent, when 
the patient was receiving daily 0.15 gm. of 
thyroid. 

, Forty-eight women, without evidence of hy¬ 
pothyroidism, successfully completed 51 preg¬ 
nancies while receiving thyroid substance. This 
treatment was instituted for such diverse reasons 
that in the majority of cases it is impossible to 
determine whether or not it prevented abortions 


TABLE V 

Patients with threatened abortions 


Patient 

SPI 

Weeks* 

Thyroid givenf 

Remarks 

1 Before 

1 

After j 


y per cent 


gm./day 

gm./day\ 


FB 

7.3 

15 

0 

0.12 

Threatened abortion 


6.4 

20 

0.12 

0.18 



8.5 

30 

0.18 

0.18 



4.1 

P 9 d. 

ot 



ABu 

7.2 

12 



Threatened abortion 

B12368 

5.6 

15 

0 

0.06 

Tlireatened abortion 


7.4 

29 

0.09 

0.09 



i 4.1 

p 19 

Ot 



CG 

5.5 

a 11 





! 4.8 

7 

0.06 

0.06 



5.1 

11 

0.06 

0.06 



6.6 

20 

0.06 

T 2 mg.l 

Slight bleeding and 






labor pains 


18.1 

20 


0.12 

3 days later 


12.8 

21 

0.12 

0.18 



10.0 

25 

0.18 

0.18 



7.8 

33 

0.18 

0.18 



5.8 

p IS 

0.18 

0.12 



5.8 

p 28 

0.12 

0.12 


AL 

6.0 

5 

0 

T I mg. 

Severe cramps 


5.4 

12 

0.06 

0.12 


EM 

4.2 

6 

0 

0.18 

Slight bleeding 


6.4 

13 

0.18 

0.18 



6.3 

22 

0.18 

0.18 



4,5 i 

P 9 





5.0 

p30 

OT 



MM (1) 

7.3 

13 

0 

0.12 


1 

6.7 

19 

0.12 

0.12 

Spotting at 21 weeks 


8.5 

27 

0.24 

0.12 



5.8 

32 

0.12 

0.12 


(2) 

7.2 

11 

0.12 

0.12 

Second pregnancy 

PR 

6.9 

8 

0.06 

0.06 

Bleeding, repeated at 






10 weeks 


6.9 

12 

0.06 

0.06 


55146 (1) 

5.1 

8 

0 

T 3 mg. 

Threatened abortion 


6.8 

17 ! 

0.12 

0.12 



6.0 

38 

0.12 

0.06 


(2) 

5.7 

9 

0 

0 



6.5 

14 

0 

0.12 



7.3 

18 

0.12 

0.12 


BT 

6.9 

n 

i 

0 

0.12 

Bleeding 


* a indicates before pregnancy, p indicates after delivery, 
t Before indicates that the patient was already receiving 
thyroid. After indicates that thyroid was begun after the 
measurement of SPI. 

J No thyroid given after delivery. 


or contributed in any way to the well-being of the 
mother or fetus. Frequently it was begun before 
the first observation of SPI or even before the 
onset of pregnancy because of a history of pre¬ 
vious abortions or infertility. So commonly is 
thyroid administered in pregnancy for various 
reasons without objective criteria of deficient thy¬ 
roid function that its beneficial cfTcct is almost 
impossible to evaluate. In ten of the 57 preg¬ 
nancies abortion was threatened at one time or 
another, but pregnancy continued to term. These 
are presented in Table V. Bleeding or cramps 
occurred in eight of these during the first 16 
weeks. Of these eight only four had SPI's of 
6.0 y per cent or less. In the other four SPI 
varied from 6.9 to 7.3 y per cent. Thyroid was 
given to all eight immediately. Obviously SPI 
greater than 6.0 y per cent does not confer pro¬ 
tection against bleeding or cramps. But just as 
obviously it is impossible to assert that these pa¬ 
tients would have aborted if thyroid had not been 
given. In two instances bleeding occurred after 
20 and 21 weeks, respectively. In one the SPI 
had risen gradually from 4.8 y per cent at seven 
weeks to 6.6 y per cent at 20 weeks. The patient 
had received 0,06 gm. of thyroid daily up to this 
time, when bleeding began. She was immediately 
given 2 mg. of thyroxine intravenously. Three 
days later SPI was 18,1 y per cent. The bleed¬ 
ing stopped. At the end of four more days when 
SPI had fallen to 12.8 y per cent, she was given 
a continuing dose of 0.12 gm. daily, which was 
increased to 0.18 gm. at the end of 25 weeks. 
On this dose SPI fell to 7.8 y per cent at the end 
of 33 weeks and to 5.8 y per cent after delivery. 
The SPI of the second patient was 7.3 y per cent 
at the end of 13 weeks, but six weeks later had 
dropped to 6.7 y per cent in spite of the fact that 
she had meanwhile been given 0.12 gm. of thy¬ 
roid daily. At the end of 21 weeks she began to 
bleed. Whether SPI had fallen further was not 
ascertained. The dose of thyroid was at once in¬ 
creased to 0.24 gm. Six weeks later, when SPI 
was 8.5 y per cent, the dose was reduced to 0.12 
gm. again' because the patient complained of 
nervousness. With this one exception, possibly 
transient, at a late stage of pregnancy, after 16 
weeks all values were 6.0 y per cent or higher. 

In four of the subjects postpartum values were 
below 6.0 y per cent, but within the normal range. 
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In these respects, therefore, whether administra¬ 
tion of thyroid contributed to the prevention of 
abortion or not, SPI followed the course char¬ 
acteristic of normal pregnancy. 

Effects of administration oj dried thyroid or 
thyroxine. In Table VI are presented the rec- 

TABLE VI 


Patients who received thyroid because of law SPI 


Patient 

SPI ' 


Thyroid givenf 

Remarks 


Before 

Alter 


yper cent 


gm.fday 

gm./day 


ACoi 

7.2 

a 46 

0 

0 



7.S 

13 

0.18 

0.18 



8.S 

19 

0.18 

0.18 



9.4 

32 

0.18 

0.18 



4.7 

6 

0 

0.18 



5.9 

7 

0.18 

0.18 



8S 

17 

0.18 

0.18 

Thyroid reduced to 






0.06 after 28 rveeks 

GGI 

5.6 

7 

0 

0.24 



6.4 

9 

0.24 

0.24 



10.9 

12 

0.24 

0.24 



8S 

IS 

0.24 

0.24 



7.0 

25 

0.24 

0.24 



6.9 

32 

0.24 

0.24 



5.2 

p 16 

0 


No thyroid after de- 






livery 

EH 

5.6 

a 5 

0 




4.6 

7 

0 

0.18 



7.6 

11 

0.18 

0.18 



6.8 

IS 

0.18 

0.18 



7.6 

25 

0.18 

0.18 


B9S180 

5.7 

IS 

0 

0 



6.6 

22 

0.16 

0.24 



6.9 

36 

0.24 

0.24 



4.6 

p38 

0 


No thyroid after de- 






livery 

GM 

5.2 

4 

0 

0.12 



5.9 

12 

0.12 

0.12 



5,2 

17 

0.12 1 

0.12 


MR 

5.8 

6 

0 

0.12 



9.7 

12 

0.12 

0.12 


C23634 

4.2 

a 1 

0 

0 1 



• 5.2 

8 

0 

0.18 



7.1 

19 

0.18 

0.18 


EV 

SJS 

a 12 

0 

0 



4.0 

6 

0 

0 



5,6 

7 

0 

0.24 



7.5 

7 

0.24 

0.24 

3 dal’s later 


10.0 

13 

0.24 

0.18 ; 


EWa 

5a 

13 

0 

0.12 ! 



6S 

15 

0.12 

0.18 



4.7 

18 

0.12 

0.18 

On only 0.12 for 1 






week 


7.7 

29 

0.18 

0.18 



5.4 

P 8 

0 


Ko thyroid after de- 






livery 

JW 

5.9 

10 

0 

0,18 


iic 

3.2 

6 

0.12 

oao 



6.9 

15 

OJO 

oao 


MPe 

3.7 

6 

0 

0.18 


EsB 

5.0 

17 

0.12 

0.12 


RBI 

5.7 

5 

0 

0.12 



5.8 

19 

0.12 

0.12 


JB 

5.8 

6 

0 

0.12 


BE 

5.6 

16 

0 

0.09 



3.7 

24 

0.09 

0.09 


TI 

5.6 

6 

0.12 

Q2A 



S.7 

16 

0.24 

0.12 


SJ 

4.9 

6 

0 

0.18 


CK 

5.2 

8 

0 

0.12 


ML 

5.4 

13 

0 

O.IS 



7.3 

23 

0.18 

0.12 


JP 

S.S 

13 

0 

0.09 



8.3 

20 

0.09 

0.09 



4.2 

8 

0.09 

0.09 


GG« 

ss 

7 

0.12 

0.12 



6.9 

13 

0.12 

0.12 



a indicates before pre^anev-, p indicates after delivery, 
t indicates^ that the patient was already recchdng 

thyroid. After indicates that thsToid -was be^n after the 
measurement of SPI. 


ords of 23 women who were given thyroid or 
larger doses of thyroid specifically because SPI 
was low in the early stages of pregnancy. All de¬ 
livered at term. In the majority of those who had 
repeated examinations, SPI rose above 6.0-/ per 
cent. The number of prolonged studies is, how¬ 
ever, small. In four instances (GM, EWa, EsB 
and RBI), SPI was less than 6.0-/ per cent be¬ 
tween 16 and 20 weeks in spite of thyroid. Two 
of these probably represent transitory drops: GM 
to 5.2'/ per cent at 17 weeks, and EWa to 4.7 -/ 
per cent at 18 weeks. The latter had an SPI of 
7.7'/ per cent at 29 weeks. In this instance SPI 
fell from 5.3-/ per cent at 13 weeks to 4.7-/ per 
cent at 18 weeks in spite of 0.18 gm. of thyroid 
daily. A single observation on EsB at 17 weeks, 
while she was receiving 0.12 gm. of thyroid daily, 
was 5.0'/ per cent. The remaining determina¬ 
tion on RBI, at 19 weeks, while she was receiv¬ 
ing 0.12 gm, of thyroid, was 5.8 -/ per cent, prac¬ 
tically indistinguishable from 6.0-/ per cent. In 
one patient, BE, SPI of 5.6-/ per cent at 16 weeks, 
without medication, fell to 3.7 -/ per cent at 24 
weeks on 0.12 gm. of thyroid. This suggests that 
she disposed of exogenous thyroid with great 
facility. Such sporadic low values in the later 
stages of pregnancy have been noted earlier. 
In most instances SPI appears to be highly re¬ 
sponsive to the administration of thyroid. It is 
not, however, possible in most of these to distin¬ 
guish the effects of thyroid from the influence of 
pregnane)'- itself. The SPI of ACo, for example, 
before pregnancy, when she was not receiving 
thyroid, was 7.2 y per cent. In her first preg¬ 
nancy, for no clear reason, she was given 0.18 gm. 
of thyroid at nine weeks. Without any change of 
this dose, SPI was successively 7.5, 8.5, and 
9.4'/ per cent at 13, 19, and 32 weeks respectively. 
This patient is remarkable in certain other re¬ 
spects. During the course of the year succeed¬ 
ing her deliver)', without thyroid, she had an abor¬ 
tion. In a subsequent pregnanq-, which is re¬ 
corded in the Table, her SPI at si.x weeks was 
only 4.7 y per cent. On 0.18 gm. of thyroid it 
rose to 5.9 y ]>er cent after a week and to 8.3 y 
per cent at 17 %veel:s, approximately th.e same 
as its concentration at the same stage of her first 
pregnane)'. GGI v.'as given 0.24 gm. of thyroid 
daily at sc/en weeks, when her SPI was 5.6 y per 
cent. Without any change of dose, the SPI rc'e 
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TABLE Vn 


Patients who received thyroid and delivered normally^ although 
no SPI lower than 6.0 y per cent was observed 


Patient 

i 

SPI 

! 

Weeks* 

Thyroid glvcnf 

Kcmarka 

1 

Before 

After 


y per cent 


Sm./day 

r.m./day 


JK 

6.2 

IS 


0.25 



6.8 

23 

0.25 

0.25 


HL 

7.6 

19 





7.6 

26 





S.5 

31 

0.12 

0.12 



4.8 

32 

0.12 

0.12 


DM 

1 6.0 

30 

0.06 

0.06 



7.2 

p 30 

0.06 

0.06 



6.4 

p 100 

0.06 

1 


HP 

S.l 

a 17 


1 



6.3 

7 

0 

0.18 



9.9 

9 

0.18 

0.18 



5.8 

20 

0.18 

0.18 


CP 

6.0 

11 

0 

0.12 



5.9 

16 

0.24 

0.24 

0.24 begun after 14 






weeks 


6.3 

20 

0.24 

0.24 


HT 

6.1 

9 

0 

0.18 



7.1 

12 

0.18 

0.18 



6.6 

16 

0.18 

0.18 


C24722 

7.3 

30 

0.18 

0.18 

Thyroid started at on- 






set of pregnancy 


6.4 

37 

0.18 

0.18 


EKo 

6.3 

6 

0 

0.06 

0.18 begun after 11 






weeks 


9.2 

18 

0.18 

0.18 


MN 

4.9 

a 124 

0.06 

0.06 



6.5 

17 

0.06 

0.12 



7.8 

20 

0.12 

0.12 



8.3 

27 

0.12 

0.09 


CR 

6.1 

10 

0.12 

0.12 



5.5 

13 

0.12 

0.24 


RR 

6.3 

a 22 





6.2 

8 

0.12 

0.18 


HB 

7.3 

12 

0.06 

0.06 


LE 

7.3 

8 

0 

0.06 


MPl 

6.6 

8 

0 

0.09 



6.4 

19 

0.09 

0.03 


DS 

6.7 

1 

13 

0 

0.06 



* If not otherwise marked, indicates weeks after last 
menstrual period; a indicates weeks before conception; p 
indicates weeks after delivery. 

t Before indicates that the patient was already receiving 
thyroid. After indicates that thyroid was begun after the 
measurement of SPI. 

to a peak of 10.9 y per cent at 12 weeks and there¬ 
after gradually declined to 6.9 y per cent at 32 
weeks. After delivery, when thyroid had been 
discontinued, it fell still further, to 5.2 y per cent. 
This suggests that, although thyroid may accel¬ 
erate the initial rise of SPI, thereafter, on a con¬ 
stant dose, SPI follows the course usual in preg¬ 
nancy. In spite of the fact that doses of from 
0.18,to 0.30 gm. of thyroid were given to these 
subjects over long periods, SPI did not exceed 
the concentrations ordinarily encountered in preg¬ 
nancy nor were s)anptoms or signs of hyperthy¬ 
roidism encountered. This may denote that the 
pregnant woman is tolerant of the thyroid hor¬ 
mone or able to dispose of it with unusual facility. 
It must be recognized, however, that a proportion 
of normal women have a similar tolerance (10, 
11 ). 


If, as other evidence suggests, failure of SPI 
to rise is incompatible with the continuation of 
pregnancy, the data of Table VI suggest that ad¬ 
ministration of thyroid in generous amounts when 
SPI is low may prevent abortion. This would 
imply that the increment of SPI in pregnancy is 
composed of thyroid hormone. To verify this it 
is necessary, however, to prove more definitely 
that abortion is a regular consequence of a per¬ 
sistent low SPI. This requires the study of a 
larger number of untreated subjects in the early 
weeks of pregnancy. 

Fifteen women who delivered normally were 
given thyroid in spite of the fact that their SPI’s 
were 6.0 y per cent or higher at the first observa¬ 
tions during pregnancy, usually because of histo¬ 
ries of previous infertility or abortions. The data 
from these cases are presented in Table VII. In 
no instance did the thyroid drive SPI above the 
normal range for pregnancy. In two, in fact, 
SPI fell after the administration of thyroid. In 
HL the low values were observed in the last tri¬ 
mester of pregnancy. In this case thyroid was 
not given until the end of 27 weelcs. In HP, after 
rising from 6.3 to 9.9 y per cent between seven 
and nine weeks on 0.18 gm. of thyroid, SPI 
dropped to 5.8 y per cent at the end of 20 weeks. 
Its subsequent course is unknown. 

In both these last series shown in Tables VI 



Fig. 2. The Course of SPI of a Subject in Three 
Pregnancies That Ended in Abortion 
, The daily dose of thyroid, in grams, given during 
each pregnancy, together with the duration of its ad¬ 
ministration, is shown fay the figures and arrows beloiv 
the curves. Crosses indicate bleeding or cramps; dag¬ 
gers represent abortion. 
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and VII, as in previous series, SPI before and 
after pregnancy, when it was measured, lay within 
the normal nonpregnant range. 

That thyroid may not be successful in pre¬ 
venting abortion, even if it is given in large doses 
before any signs or symptoms appear, is illustrated 
by the woman whose record is illustrated in Fig¬ 
ure 2. In her first pregnancy, at hvo weeks and 
seven weeks SPI’s were 4.5 and 5.3 y per cent, 
respectively. At this time, because of bleeding, 
she was given 0.30 gm, of thyroid daily. In 
spite of this she aborted and curettage was neces¬ 
sary at 12 weeks. Three months later she again 
became pregnant. After five weeks, because SPI 
was only 4.2 y per cent, she was given 0.24 gm. 
of thyroid. At eight weeks SPI had risen to 
6.0 y per cent. Two weeks later the dose of thy¬ 
roid was raised to 0.30 gm. Although SPI was 
7.7 y per cent at 18 weeks, she again aborted. 
Three months later, without thyroid, SPI was 
4.9 y per cent, a normal value. Nevertheless, she 
was given 0.12 gm. of thyroid daily. Her last 
menstrual period occurred t^vo days later. At 
the end of five weks SPI was only 3.5 y per cent, 
although the dose of thyroid had been increased to 
0.24 gm. three days earlier. It was immediately 
raised to 0.30 gm. In another two weeks SPI 
was 9.2 y per cent. In spite of the fact that it did 
not fall below 8y per cent, uterine contractions 
began at 16 weeks. These diminished after the 
dose of thyroid was increased to 0.42 gm., but she 
aborted after 23 weeks. In this case the rise of 
SPI in every pregnancy was delayed. In fact, 
in every' instance it was lower than the only value 
obtained in the nonpregnant state. This was 
within normal limits, an indication that the sub¬ 
ject had no thyroid deficiency. Nevertheless, 
large doses were required to raise SPI to char¬ 
acteristic pregnancy values. Even when thyroid 
was begun before pregnancy' and relatively early 
elevation of SPI was achieved, abortion was not 
prevented. As the intensity of thvroid therapy 
was increased and as it was initiated at an earlier 
date, there was a suggestion that pregnancy was 
prolonged. In this case there appears to be 
some inherent obstacle to the conduct of normal 
pregnancy that is associated with low SPI. This 
can be ameliorated, but not abolished, by adminis¬ 
tration of enough thyroid at an early date to raise 
SPI to concentrations appropriate for pregnancy. 


TABLE vin 
Premalure deliveries 


Patient 

SPI 

Weeks* 

Thyroid givenf 

Remarks 

Before 

After 

KA 

■y Per ccnt\ 
8.8 

2S 

gm.fday 

0.15 

Zm./day 

0 

Spotting for 6 days; 

19373 

6S 

17 

0 

0 

detivery 2 days after 
SPI. 

Slight bleeding 4 weeks 

VH 

5.1 

6 

0.06 

0.21 

earlier; deliver^’ at 25 
■weeks. 


8.2 1 

12 

0.21 

0.21 

Delivery at 36 weeks 

B59643 

7.7 

22 

0 

0 

Delivery at 35 weeks 

MRo 1 

9.9 I 

16 1 

“ 1 

0 

Delivery at 26 weeks 


* Weeks after last menstrual pericxl. 

t Before indicates that the patient was already receiving 
thyroid. After indicates that thyroid was begun after the 
measurement of SPI. 

Similar conditions may obtain in those subjects 
reported above who aborted in spite of normal 
SPI. 

Premature deliveries. Attention has been 
called frequently to occasional low values oc¬ 
curring late in pregnancy. It has been impossible 
to attach any significance to these. Furthermore, 
to date no relation has been discovered between 
“premature” deliveries in the latter months of 
pregnancy and SPI. The data on this point are, 
however, necessarily scanty. Five patients who 
received the diagnosis of premature delivery are 
presented in Table VIII. The first two do not 
properly belong in this category because both de¬ 
livered at 25 weeks. The first, KA, just before 
delivery, on 0.15 gm. of thyroid daily had an 
SPI of 8.8-/ per cent. The second, 19373, at 13 
weeks bled slightly; but at 17 weeks had not 
aborted and had an SPI of 6.5 -/ per cent. She 
went into labor, however, and delivered at 25 
weeks. The remaining three patients delivered 
at 35 or 36 weeks. One of them, VH, was given 
0.06 gm. of thyroid before pregnancy because her 
SPI was only 3.8 -/ per cent, a low normal figure. 
At six weeks, because SPI had risen only to 5.1 -/ 
per cent, the dose of thyroid was increased to 0.21 
gm. daily. The SPI at 12 weeks load risen to 
8.2-/ per cent. Although the thyroid v.-as con¬ 
tinued, she had a premature delivery* after 36 
weeks. The SPI’s of the remaining two appear 
to liave risen to proper pregnancy* concentrations. 
Their pregnancies were uneventful un*il their 
deliveries at 35 and 36 weeks respectively. 
Neither received thyroid. It is imp/ossible in any 
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Fig. 3. The Course of SPI During Four Pregnan¬ 
cies OF A Subject with a Tendency to Premature 
Delivery 

The general construction of the chart is similar to that 
of Figure 2. D represents normal delivery. 

of these cases to be certain that SPI did not fall 
later in the course of pregnancy. 

One patient, whose record is illustrated in Fig¬ 
ure 3, merits especial consideration. At the age 
of 22, because of a basal metabolism of — 23, she 
was given 0,0125 gm. of thyroid daily. In 1939, 
when her basal metabolism was found to be — 12, 
she was given 0.06 gm, of thyroid daily. On 
neither occasion did she have symptoms of hy¬ 
pothyroidism. In November, 1942, her right tube 
was removed for a tubal pregnancy. In February, 
1946, she had an abortion at three months. July 
22, 1946, while on 0,06 gm. of thyroid daily, her 
SPI was 4.5 y per cent. October 24 she became 
pregnant. Shortly after this the dose of thyroid 
was increased to 0.24 gm. daily. She had an un¬ 
complicated pregnancy, except for slight bleeding 
in the first months at the times of her menstrual 
periods, and was delivered on July 23, 1947, at 
term, of a normal child. On November 10 of that 
year she again became pregnant. Thyroid 0.24 
gm./day was begun on December 27, Again she 
bled slightly in the first months at the time of her 
normal menstrual periods; but otherwise her 
pregnancy proceeded normally until July 4, 1948, 
when she went into labor and was delivered of a 
premature child who died two days later. Thy¬ 
roid medication was discontinued after delivery. 
SPI’s, 38 and 93 days after delivery, were 4.3 and 
4.1 y per cent, respectively. February 23, 1949, 
she again became pregnant. After six weeks her 
SPI was 5.5 y per cent. She was again given 0.24 


gm, of tliyroid daily. Four weeks later her SPI 
was 7,8 y per cent. Nevertheless she had a spon¬ 
taneous abortion at the end of 13 weeks. On 
July 27 she once more became pregnant. On this 
occasion no thyroid was given. SPI was 6,9 y 
per cent only two weeks after her last menstrual 
period. Although it fell to 4.6 and 4.4 y per cent 
at six and seven weeks, it rose after this spontane¬ 
ously atid remained well above 6.0 y per cent un¬ 
til tlic end of 32 weeks when she bled profusely. 
Despite administration of 2 mg. of thyroxine in¬ 
travenously, she was delivered of a dead fetus 
within 24 hours, with evidence of premature sepa¬ 
ration of tlie placenta. From the values of SPI 
when she was neither pregnant nor receiving thy¬ 
roid, as well as the absence of symptoms and 
signs, the patient was evidently not hypothyroid. 
There is no evidence that administration of thy¬ 
roid altered the course of her pregjiancies. The 
fact that one pregnancy went to term while she 
was receiving thyroid seems to be purely ad¬ 
ventitious. Without thyroid, the last, her sixth 
pregnancy, proceeded quite as long as did the 
fourth in which she received thyroid. 

DISCUSSION 

That SPI rises during pregnancy appears to 
have been established. This rise is attended by 
no clinical evidence of excessive activity of the 
thyroid gland. It occurs long before the increase 
of basal metabolism that accompanies pregnancy. 
The latter also presumably denotes no increased 
activity of the thyroid, but seems rather to be 
related to the need for extra oxygen created by 
the enlargement of the uterus and the growth of 
the fetus. 

The almost complete absence of SPI’s below 
6.0 y per cent after 16 weeks suggests that con¬ 
centrations above this are, in normal persons, 
necessary for the successful completion of preg¬ 
nancy. At the left of Figure 1 the limits of varia¬ 
tion of SPI in various conditions are defined. It 
is evident that in a group of nonpregnant women 
of this size the majority of points would lie be¬ 
tween 4 and 6y per cent, an area that is almost 
empty, and that there would be only an occasional 
spot above 7 y per cent, which is the most thickly 
populated area of the figure. In the period before 
12 or 16 weeks there are more points in the 
normal range. If all pregnant women were in- 
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eluded, not only those who completed pregnancy 
without medication, the area behveen 4 and 6 y 
per cent in the first weeks of pregnancy would be 
fuller. From the paucity of points below 67 per 
cent after 16 weeks, the fact that the SPI of non¬ 
pregnant women most frequently lies in this area, 
and the greater frequency of such points in the 
earlier weeks of pregnancy, it may be inferred 
that before the end of this period SPI regularly 
attains a concentration of 67 per cent or more 
and that when it fails to rise to this level abortion 
occurs. 

In the patients who aborted and those who re¬ 
ceived thyroid substances, as in the normal preg¬ 
nancies, there is the same tendency for SPI in 
pregnancy to lie above 6.0 7 per cent after 16 


as pregnane)' advances to 16 v/eeks. SPI, there¬ 
fore, in a considerable number of women, remains 
low in the early weeks of pregnancy. Some of 
the later points below 67 per cent represent 
transient fluctuations. However, the concentra¬ 
tion 6.0 was selected somewhat arbitrarily be¬ 
cause the great majorify of observations lay above 
this concentration. It would be surprising indeed 
if there were not some overlap in the zone of 
differentiation. The two extremely low figures 
represent single observ'ations on two patients. 
What the SPI may have been at other times in 
the course of pregnane)' is unknown. On the 
whole the data support the earlier hypothesis that 
if pregnancy is to be completed, SPI is not con¬ 
sistently below about 6.0 7 per cent after preg- 



Fig. 4 . The SPI of All Subjects Who Received Thit.oid axd Success¬ 
fully Completed Ppxgxaxcy 

Dots indicate that the subject had not received thjroid, crosses that she 
had received thyroid before the observation. The period of pregnancy is 
defined by the vertical lines. The area to the left represents time before, 
that to the right time after, pregnancy. 


weeks. This is best illustrated in Figure 4 which 
includes all observations on patients who were 
delivered at term. A cross indicates that the sub¬ 
ject was receiving thyroid, a dot that she was 
taking no medication. The paucity of points in 
the area below 6.0 7 per cent after 16 weeks is 
again evident. Of the total number of observa¬ 
tions only ten are found in this area. Of these, 
five are greater than 5.0 7 per cent. 

There is, however, in contrast to the series of 
normal pregnancies reported in the preceding 
paper, a larger aggregation of values below 6 7 per 
cent in the early weeks of pregnanev’. This would 
be still greater if the obser\*ations in Table III 
from^ the subjects who aborted were included. 
The incidence of low points also seems to diminish 


nancy has proceeded approximately 16 weclcs. 
This would mean that SPI regularly achieves 
this level in the course of the first 16 weeks in 
successful pregnancies. This suggests, but does 
not necessarily imply, that failure of SPI to rise 
in this period conduces to abortion. Definitive 
proof that this is the case must depend upon the 
intensi^-e study of a large group of subjects dur¬ 
ing early pregnancy without medication. 

In the small series thus far collected, early mis- 


carriage 

appears 

to 

be more 

common 

in 

those 

with 

low 

SPI. 

An 

SPI above 6.0 v 
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cent. 

however, 
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preclude 
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SPI exceeds 6.0 y per cent as early as the diag¬ 
nosis of pregnancy can be established. In other 
cases it remains below this concentration until 
the period of 16 weeks is almost completed. The 
majority of miscarriages occur earlier than this. 
If low SPI is correlated with the cause, rather 
than the incidence, of miscarriage, why do some 
subjects tolerate low values longer than others 
do? Are those who do miscarry inherently in¬ 
capable of raising their SPI’s or would their 
SPPs eventually rise if they escaped miscarriage? 

Failure of SPI to rise in those that miscarry 
may be an indication that there is a defect in the 
ovum or its implantation of such a kind that the 
stimulus that causes SPI to rise is laclcing. In 
those in which SPI rises late, but abortion is 
avoided, this stimulus may be only partly lacking, 
or the defect may lie not in a deficient stimulus, 
but in a deficient or delayed reaction of the 
mechanism responsible for the rise of SPI, pre¬ 
sumably the secretory activity of the thyroid 
gland or the utilization of the thyroid hormone, 
or both. In this case SPI would be little more 
than a symbol. Miscarriages would be associated 
with low SPI, but the latter would not necessarily 
determine^ a miscarriage. Such a hypothesis 
seems to be consistent with most of the facts 
presented. It gains some support from the cases 
in which the patient who miscarried in one preg¬ 
nancy with low SPI had a subsequent successful 
pregnancy when SPI rose early (cases BH and 
MG, Tables III and IV). It might partly explain 
the consistent failure to complete pregnancies dis¬ 
played by A63436 (Figure 2). It would not, 
however, account so well for the relative absence 
of low values after 16 weeks or the apparent 
prolongation of pregnancy by thyroid in A63436. 

This hypothesis would relegate the elevation of 
SPI and the thyroid hormone to a derivative or 
adventitious position. Alternatively, completion 
of pregnancy may depend on the proper reactivity 
of the mechanism which causes SPI to rise, pre¬ 
sumably increased secretory activity of the thy¬ 
roid gland, with diminished or increased utiliza¬ 
tion of thyroid hormone. If the first hypothesis 
is correct, the common practice of administering 
thyroid to prevent abortion, which originated on 
a purely empirical basis, would be of no value. 
These two hypotheses are not, of course, mutually 
exclusive. It may be that both stimulus and re¬ 


activity of the thyroid gland must be adequate. 
The present study is intended in part to throw 
some light on these questions. 

It is clear from the data of Table III that the 
administration of thyroid, or even thyroxine, in 
massive doses, will not regularly prevent abor¬ 
tion after symptoms have begun. In most in¬ 
stances, however, there can be no assurance that 
abortion was not already an accomplished fact 
before the thyroid or thyroxine was given. The 
generally higher values of SPI in the successful 
pregnancies of Table IV, as contrasted with those 
in the abortive pregnancies of the same individuals 
in Table III, suggest that a high SPI is advan¬ 
tageous and that administration of thyroid tends 
to raise SPI. The patients in Table V might be 
cited as more direct evidence of the beneficial ef¬ 
fect of thyroid. In this group completion of abor¬ 
tion may have been prevented by timely ad¬ 
ministration of thyroid. In five of the ten preg¬ 
nancies, medication was followed by a distinct rise 
of SPI. In three of the five, SPI at the onset of 
cramps or bleeding was lower than 6y per cent. 
The total number of cases is, however, small and 
the number of controls who, under similar cir¬ 
cumstances, did not receive thyroid is smaller. 
In Tables VI and VII is a goodly array of women 
who, having received thyroid, completed preg¬ 
nancy successfully without symptoms of mis¬ 
carriage at any time. The greater proportion of 
these (those in Table VI) were given thyroid 
because SPI was low. In most of those in which 
further observations were made, SPI rose in re¬ 
sponse to the medication, but repeated observa¬ 
tions were all too few and again adequate con¬ 
trols are lacking. The data on the whole suggest, 
but certainly do not prove, that administration 
of thyroid prevents abortion. 

Attention has been called to the incidence of 
abortions with SPI above 6 y per cent. If low 
SPI does promote abortion, these cases can not 
be summarily dismissed as belonging to a differ¬ 
ent category. In normal pregnancy some women 
carry higher SPI than others. This may be a 
necessary provision. In only one of the patients 
of this series, in addition to A63436 (Figure 2), 
did abortion or threatened abortion occur when 
SPI was 7.5 y per cent or higher. It may be 
more- than a coincidence that the points below 
6 y per cent after 16 weeks in Figure 4 are all 
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derived from patients who were receiving thy¬ 
roid. If the increment of SPI in pregnancy is 
composed of thyroid hormone, its significance 
still remains to be elucidated. It could mean 
diminished utilization of hormone, though this 
seems highly unlikely. It is generally held, from 
morphological studies, that secretory activity of 
the thyroid is increased and, as a corollary, that 
this is a response to an increased demand for the 
hormone to meet increased utilization. An in¬ 
creased supply would then be the prime neces¬ 
sity. With the administration of exogenous thy¬ 
roid the tissues might be able to derive the neces¬ 
sary hormone from the circulation by more effi¬ 
cient extraction with a lower concentration in 
the serum. 

Much of this discussion and the data on which 
it is based tend to pose rather than to answer 
questions as to the clinical value and significance 
of SPI in pregnancy. The data may, however, 
throw some light on the nature of the increment 
in pregnancy. Values of SPI as high as those 
encountered in pregnancy are regularly associ¬ 
ated with symptoms of hyperthyroidism in non¬ 
pregnant women. This seems to denote either 
that the pregnant woman tolerates a greater con¬ 
centration of hormone in her serum or that the 
increment is not composed of thyroid hormone. 
In many of the cases in this series, SPI was rap¬ 
idly raised by administration of thyroid or thy¬ 
roxine to levels characteristic of hj'perthyroidism 
without appearance of symptoms. Presumably 
these increments of iodine were hormonal. Preg¬ 
nancy does, therefore, appear to confer a toler¬ 
ance for circulating thyroid hormone. In a few 
instances in which SPI was suddenly raised to 
unusually high concentrations it tended to de¬ 
cline to more moderate concentrations as preg¬ 
nancy advanced. Whether the endogenous sup¬ 
ply was reduced, utilization accelerated, or re¬ 
moval by other channels increased, it is impos¬ 
sible as yet to say. It is noteworthy that on the 
%vholc, regardless of the dose of thyroid, the con¬ 
centration of SPI, with the e.xception of the tem¬ 
porary shoots mentioned above, tended to cstab- 
lisli itself in the range characteristic of pregnancy. 

This tolerance appears to differ somewhat from 
that displayed by nonpregnant women, in which 
the concentration of SPI docs not rise, or, after 
a preliminary rise, recedes to the normal range 


(10). In most of the present series in which SPI 
was measured postpartum, thyroid was discon¬ 
tinued after delivery. In the two cases in which 
it was continued, it was found to he in the nor¬ 
mal nonpregnant range. In one it fell after de¬ 
livery, This strengthens the impression that SPI 
is sustained by pregnancy. Whether the incre¬ 
ment of SPI is, like the greater proportion of the 
normal SPI, composed of thyroid hormone can¬ 
not be dedded from these studies. It does behave 
like the thyroid hormone in attaching itself to 
the serum proteins. Furthermore, it is extracted 
by butanol (12, 13), 

CONCLUSIONS 

The serum precipitable iodine has been deter¬ 
mined on one or more occasions during preg¬ 
nancy in 46 women without complications or 
signs of overactivit}' or underactivity of the thy¬ 
roid gland who delivered at term. In only three 
instances was SPI obsen'cd below 6.0 y per cent 
after 16 weeks of pregnaneje In nine patients 
with pregnandes complicated by conditions other 
than abnormal activity of the thyroid, SPI ^Yith 
one exception lay at the same high levels. This 
is also true of 14 patients still undelivered but 
with apparently normal pregnandes, ivell ad¬ 
vanced. In those patients studied before and af¬ 
ter pregnancy', SPI is found to rise early in preg¬ 
nancy and to fall shortly after delivery. 

The precipitable iodine of serum (SPI) has 
been measured in a series of euthyroid pregnant 
women who aborted or who received thyroid sub¬ 
stance to prevent abortion. There is some evi¬ 
dence that if SPI does not rise above about 6y 
per cent during the first 16 weeks, pregnancy is 
unlikely to proceed to term and that abortion is 
more common in those v/omen v.-hose SPI’s do 
not rise relatively early in pregnancy. Adminis¬ 
tration of generous amounts of thyroid substance 
accelerates the rise of SPI, The cases reported 
suggest that, it thyroid is given early enough, it 
may diminish the tendency to abortion. A larger 
body of controls is required to establish these 
points. 

If thyroid is given to the pregnant v.rnr.n. the 
curve of SPI tends to follow a course similar t'» 
that of the untreated prcgrr.r.t v.onr.r.. The im¬ 
plications of this fact with rt^r-ect to t/.e .-r.ture 
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and significance of the increment of SPI in preg¬ 
nancy are discussed. 
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In a series of papers (1-3) it has been showi 
that the precipitable iodine of the serum (SPI) 
rises in early pregnancy and remains elevated un¬ 
til delivery, thereafter returning to its usual con¬ 
centration after a variable, but usually short, in¬ 
terval. Although SPI may rise to concentrations 
usually associated in nonpregnant women with 
hyperthyroidism, in pregnancy these rises are 
accompanied by no marks of excessive thyroid 
activity. In a large series of subjects without 
disorders of the thyroid, SPI was regularly beloiv 
7.S'/ per cent, in hyperthyroid subjects it was 
regularly above 72y per cent. Between these 
two points there was slight overlapping (4). In 
normal pregnancy, however, the majority of val¬ 
ues lie above 7.2 y per cent, with some as high 
as 10.0 7 per cent (3). The evidence indicates 
that failure of SPI to attain a concentration of 
about 6.0 7 per cent or higher within the first l6 
weeks of pregnancy predisposes to miscarriage, 
and suggests that administration of active thyroid 
substances to women with low SPI early in preg¬ 
nancy may avert miscarriage (3). 

The significance of the elevated SPI is quite 
obscure. This increment is presumably com¬ 
posed of thyroid hormone. If it is hormone it 
still remains to discover whether the supply of 
hormone from the thyroid gland is increased, 
whether its utilization by the tissues is increased 
or diminished, or whether for some reason its 
combination with serum protein is unusually io- 
dissoluble. Other explanations of the phenomena 
can be conceived, but these serve to indicate the 
nature of the problem. Some indirect evidence 
may be secured by analysis of the behavior during 
pregnancy of patients \rith excessive or deficient 

’This investigation was supported {in part) bv a re¬ 
search grant from ibt U. S. Public Health Service, ar-d 
by a grant from the Fluid Rcsearcii Fund of t.he Vaie 
University Sdsoot of hfedteine. 


thyroid activity. The present paper, therefore, 
deals with the course of SPI in pregnanej' of 16 
patients with disorders of function of the thyroid 
gland. 

ilATERIAI- AKD METHODS 

The Iti patients vrere all under the care of the Iifetab- 
ofism Qinic and staff. The majority were delivered on 
the Obstetrical Service of Yale Universitj* School of 
Idcdidne in the New Haven Hospital. A small num¬ 
ber vrere delivered elsewhere. The procedures and 
methods have been already described (3). 

Of the 16 patients nine were definitely hyperthjToid. 
Of these, one had tv.-o, and tv,-o had three pregnancies. 
One patient was definitely, a second probably, and three 
others questionably, hypothyroid. One patient when 
first seen in pregnant^' bad indubitable hyperthyroidism, 
but after three pregnancies became hypothyroid. The 
last of the 16 had questionable hyperthyroidism. In all 
cases the treatment was altogether medical, consisting 
of the administration of dried thyroid, Lugol's solution, 
and either thiourea or propylthiouracil. With feiv ex¬ 
ceptions, which are noted in the protocols, patients re¬ 
ceived 14 or 15 drops of Lugol’s solution daily while they 
were taking thio drugs, 

PROTOCOLS OT CASES 

Only features relevant to the subject of this 
paper are included in the following protocols. 

B82863, bom in 1917, had had a thyroidectomy for 
toxic goiter in 1939 and two operations for recurrences 
in 1946; one uncomplicated pregnancy in 3943, mis¬ 
carriages in 1944 and 3946. Wlicn first seen, June 26, 
1946, she had frank signs of hyperthyroidism witii a dif¬ 
fuse goiter, slight exophthalmos, blood pressure 100/50, 
basal metabolism -1-26 per cent, and SPI 12S'/ per 
cent The record of SPI and antithyroid medication, 
beginning at this point, is iHustrated in Figure 3. Tr.e 
course for 66 weeks preceding prcrr.rncy is rcprc'ented 
in broken lines to show the fluctuant chzrzticr o: the d;--- 
caseand SPI. During this period shev.-as treat'-d i-t'.rmit- 
tently with Lugol’s solution alone V.'hm SPI v.f I'-P.-v 
S.Oy per cent she svas free f.-cm signs and syrrr'.'m.t.; i.' -n 
it rose above SO'/ per cent, h.wert.hjTni-Ii-m 
itself. The SPI of SS'i ;er cert juit i<IcTe jreg- 
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nancy 4 was accompanied by symptoms aJid apparently 
marked an exacerbation of licr disease, since th'io drugs 
were required thereafter. Throughout tlie pregnancy 
and the early postpartum period slic seemed to be in a 
euthyroid state; but 16 weeks after delivery, with SPI 
10.3 7 per cent, there were signs of ovcractivity of the 
thyroid. Nevertheless, medication was stopped. She 
was evidently in a relapse 11 weeks before pregnancy 
5 with SPI IS.4 7 per cent. This responded rapidly 
to propylthiouracil, the dose of which had to be re¬ 
duced in the course of the pregnancy. Symptoms of 
hyperthyroidism did not recur until after 26 weeks 
and following interruption of the drug for two weeks 
SPI reached 13.2 7 per cent. Symptoms ceased again 
shortly after the SPI of 10.3 7 per cent at the end 
of 31 weeks. 


The h)fperthyroidisin in this case evidently 
progressed in severity during the period before 



Fig. 1. The Course of SPI of a Hyperthyroid Pa¬ 
tient Before and During Two Pregnancies 

The period of pregnancy is defined by the two vertical 
lines. It is arbitrarily set at 40 weeks after the last 
menstrual period, 0 weeks. Observations are also dated 
from this period. The interval between the last ob¬ 
servation in pregnancy and delivery is not, therefore, 
precise, since delivery did not always occur after ex¬ 
actly 40 weeks. Periods before and after pregnancy 'are 
indicated to the left and right of the pregnant area, re¬ 
spectively. Therapy is indicated by the figures below 
the chart, the lines and arrowheads indicating the dura¬ 
tion of each dose. 

In this particular case the broken line with solid 
dots does not represent a pregnancy, but a continuous 
period of 72 weeks preceding her fourth pregnancy dur¬ 
ing which the patient received only Lugol’s solution 
(see protocol). 


pregnaiicy 4. The outburst of hyperthyroidism 
before pregnancy 5 can be attributed to inadvised 
discontinuation of therapy. The doses of thio 
drugs used in the two pregnancies arc not so 
clifTcrcnt as the figures would indicate because 
of the greater cfTcctiveness of a given weight of 
thiourea. The initial dose was probably greater 
in pregnancy 5 tvhile the later dose was greater 
in pregnancy 4 until the last period of 5 when 
the dose of propylthiouracil was increased to 
100 ing. This may account for the differences 
in the two pregnancies. On the whole, how¬ 
ever, the general similarity of the course of 
SPI is more striking. It fell rapidly in the early 
part of both pregnancies, despite diminishing 
doses of thio drugs, until it reached values 
lower than those usually encountered in preg¬ 
nane}'/ rising again in the latter half of preg¬ 
nancy. The sequences are complicated by the 
fact that the patient was in a hyperthyroid state 
just before both pregnancies. Initial treatment 
was obviously overvigorous at first and, in preg¬ 
nancy 5, too light later. The complete with¬ 
drawal of propylthiouracil in this pregnancy was 
an error of clinical judgment. The rises of SPI 
as pregnancy advanced may have been due in 
part to the influence of pregnancy itself. In both 
pregnancies the patient remained free from symp¬ 
toms when SPI lay between 8 and 10 y per cent, 
the range for normal pregnancy, although symp¬ 
toms of hyperthyroidism had appeared with SPI 
in the region of 8 y per cent when she Avas not 
liregnant. This tolerance persisted for an inter¬ 
val after delivery in both instances, while SPI 
remained elevated. Subsequent!}', after preg¬ 
nancy 4, hyperthyroidism appeared, with a fur¬ 
ther rise of SPI. 

B50050, born in 1922, had normal deliveries in 1941 
and 1942, miscarriages in 1941, 1942 and about July of 
1945. Symptoms of hyperthyroidism began early in 
1945. When first seen in March, 1946, she had diffuse 
enlargement of the thyroid, slight exophthalmos, frank 
hyperthyroidism, basal metabolism 4-68 per cent and 
SPI 24.27 per cent. The course of SPI and therapy, 
beginning with this point, which just preceded preg¬ 
nancy, is illustrated in Figure 2. After six weeks, with 
SPI down to 9.3 7 per cent, symptoms and signs of hy¬ 
perthyroidism had subsided. In neither pregnancy ^d 
symptoms or signs recur until the sharp peaks of SPI 
at 10 and 11 weeks postpartum, resoectivelv. 
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Fig. 2. The Cootse of SPI of a HypERTHYEon) Pa¬ 
tient IN Two Successive Pregnancies 
The general significance of the sjmbols is described in 
the legend to Figure 1. Only a part of the interval be¬ 
tween pregnancies is illustrated. 

The similarity of the course of SPI in these 
two pregnancies seems too close to be ascribed 
to coincidence. The slight early decline and the 
late rise resemble the reactions of the preceding 
case (B82863), but the picture is not distorted 
by changes of therapy or the severity of the thy¬ 
roid disorder, which appears to have remained 
relatively stable. The impression is derived that 
in pregnancy hyperthyroidism can be more easily 
controlled. In this sense hyperthyroidism is not 
synonymous with SPI which appears to follow 
a course similar to that characteristic of preg¬ 
nancy in euthyroid subjects, but perhaps at a 
higher level. The outbursts of hyperthyroidism 
after each deliverj- suggest a discharge of activity 
after the release of the inhibitor}* effect of preg¬ 
nancy. The figures in the later part of pregnancj* 
are so high as to indicate that this condition con¬ 
ferred a degree of tolerance for thyroid hormone 
(or SPI) greater than the similar tolerance of 
euthyroid pregnant subjects. In this case, how¬ 
ever, this can not be definitely substantiated. 
Just before pregnancy 7, while the patient ap¬ 
peared to be in a cuthjToid state, values of 12.9 
and 11.5? per cent were observed. 


E35786, bom in 1922, had a normal pregnanej* in 1943. 
In 1940 and in 1944 she was given small doses of thjToid 
because of increasing weight and lethargy. Sj-mptoms of 
hyperthyroidism appeared early in February, 1946. She 
nas seen March 7 of that year, four weeks pregnant, vritb 
moderate enlargement of the thyroid, typical manifestations 
of hyperthyroidism, basal metabolism, -r56 per cent and 
SPI 23.1 7 per cent Her course, beginning with this point, 
is illustrated in Figure 3. There was a temporary sharp 
fall of SPI, but sj-mptoms v.-ere not allayed and basal 
metabolism remained elevated tmtil about the 24th week. 
She was again distinctly hyperthyroid 11 weeks after 
delivery when SPI had shot up to 23.87 per cent and 
continued to have symptoms, except during a short re¬ 
mission v/hen SPI fell to 62, until pregnancy 3. In the 
first part of this pregnancy, which terminated in a 
spontaneous miscarriage after 23 weeks, h 3 *perthyroid' 
ism was not allayed and SPI rose, probably because the 
patient was unable by reason of nausea to take her 
medication. Three daj*s after the miscarriage (the 
interval in the figure is not real, but represents only 
transition from pregnancy to the postpartum state) 
basal metabolism was +3 per cent and SPI had fallen 
to 11.17 per cent Thirti’-five weeks after the mis¬ 
carriage she was again thyrotoxic and came into preg¬ 
nancy 4 in this state. She became euthyroid, however, 
shortly after pregnanc>* began and remained in this state 
as long as she was followed. 

In this case again, after the initial hyperthyroid¬ 
ism was controlled, SPI declined steadily in both 
pregnancy 2 and pregnancy 4, remaining, how¬ 
ever, always above nonpregnant euthyroid con- 



Fig. 3. The Course of SPI of a Hviijiuvroto Pa¬ 
tient IN Thfee SuccESsnx PrEONAr.-ciES 
The general significance o: the sjenbois is deccrib^l in 
tlie legend to Figure 1. Pregnanej- 3 ended in aV.r- 
tion at the point /f. The interval l<t-.vTen t.his an-f t.'.e 
vertical line marldng tine end c! pregnanej- dc>es n-t in¬ 
dicate actual elapsed time. The next cV-;errati": v.as 
made cnc weeJ: after ll-.e abertien. 
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Fig. 4. The Course of SPI of Three HypEUTnyRoiD 
Patients During PREGNANcy 

The general significance of the symbols is described 
in the legend to Figure 1. 


centrations, suggesting that the requirement for 
thio drug diminished. Pregnancy 3 can not be 
evaluated. The course of SPI might suggest that 
the hyperthyroidism was exacerbated, the rise 
of SPI can probably be attributed to her failure 
to take her medication. After pregnancy 2 she 
had an outburst of hyperthyroidism associated 
with a sharp rise of SPI quite similar in degree 
and time to those of the preceding case. This 
only partly subsided spontaneously. Although 
no sharp spike was noted after pregnancy 3, SPI 
rose after pregnancy. At 36 and 35 weeks, re¬ 
spectively, the values for SPI after pregnancies 
2 and 3 were almost identical. The patient ap¬ 
peared to tolerate while pregnant values of SPI 
higher than those tolerated even during pregnancy 
by normal persons. 

C19922, born in 1913, when first seen on January 4, 
1949, had four children, the oldest 11. Symptoms of 
hyperthyroidism, which began four months earlier, were 
characteristic, including a slight goiter and mild exoph¬ 
thalmos, basal metabolism -1-34 per cent and SPI 10.9 T 
per cent. Her course beginning at this point is il¬ 
lustrated in Figure 4. Symptoms were rapidly allayed, 
but recurred when the dose of thiouracil was reduced 
during the early part of pregnancy. 

C24644, born in 1914, developed symptoms of hyper¬ 
thyroidism shortly after a normal delivery in 1946. 
When first seen, April 16, 1948, after she had taken 150 
mg. of propylthiouracil daily for three weeks, she was 
still definitely hyperthyroid, with a diffusely enlarged 
thyroid and SPI 7.1 y per cent. On Lugol’s solution 
and 50 to 125 mg. of propylthiouracil daily, symptoms 
and signs were kept in abeyance and SPI within normal 
limits until the onset of her pregnancy, January 17, 1950. 
The record in Figure 4 begins 17 weeks before this. 


Althougii, after the onset of pregnancy, without change 
of medication, SPI rose, she remained euthyroid. 

CISSOO, born in 1920, had a normal pregnancy in 1946. 
In 1942 she developed hyperthyroidism, which recurred 
after a thyroidectomy in 1944. When first seen, August 
30, 1948, slic had mild symptoms of hyperthyroidism and 
SPI 9.67 per cent. The course beginning with this point 
is illustrated in Figure 4. Symptoms subsided rapidly 
after propylthiouracil was begun. Thereafter, with the 
cxcei)tion of a .short interval at about 16 weeks when 
SPI was 11,7 7 per cent, she seemed euthyroid. 

SPI in the three cases illustrated in Figure 4 
retnained at more moderate concentrations than 
it did in the three preceding cases. The observa¬ 
tions were, liotrever, limited. In all, insofar as 
they were studied, SPI tended to rise as preg¬ 
nancy advanced. With these rises C19922 and 
Cl 5500 developed or retained some symptoms 
and signs suggestive of continued overactivity of 
the thyroid. These are the only patients in the 
series who had such manifestations while SPI 
was below 10 y per cent. In contrast, SPI of 
C24644 rose during pregnancy, without evidences 
of hyperthyroidism, to concentrations far above 
those that before pregnancy had been associated 
with symptoms. 

C3S870, born in 1919, had an uncomplicated preg¬ 
nancy in 1942. At that time she was given 0.03 gm. of 
thyroid daily. In November, 1944, she developed symp¬ 
toms of hyperthyroidism, accompanied by urticaria, 
angioneurotic edema and bronchial asthma. When seen 
in this condition September 9, 1945, her basal metabolism 
was -4-36 per cent, SPI 10.4 7 per cent. The record 
of her course in Figure 5 begins eight weeks before the 
onset of pregnancy, which began June 15, 1949. In spite 
of the steady rise of SPI during pregnancy, she had no 
evidences of hyperthyroidism until eight weeks after 
delivery when SPI was 16.1 7 per cent. 

B87633, born in 1909, had normal pregnancies in 1940 
and 1943. After a thyroidectomy in 1940, h 3 rperthyroid- 
ism recurred in 1945. When first seen. May 29, 1946, 
23 weeks after the beginning of pregnancy, she had a 
diffuse goiter, basal metabolism -f-24 per cent and SPI 
13.3 7 per cent. Her course beginning with this point is 
illustrated in Figure 5. She had a remission of symp¬ 
toms shortly after medication began and just after 
delivery, corresponding to the low SPI’s, but had a 
slight recurrence of thyrotoxicosis just before delivery 
and a more obvious one eight weeks after delivery. 

ST, born in 1918, developed hyperthyroidism in 1944, 
When first seen, May 8, 1947, taking probably 150 mg. 
of propylthiouracil and 15 drops of Lugol’s solution 
daily, her thyroid was moderately enlarged, but she 
had no signs of hyperthyroidism. SPI proved to ^ be 
1.97 per cent. The course, beginning with this point, 
nine weeks before pregnancy, is illustrated in Figure 5. 
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With reduction of the dose of propylthiouracil SPI rose 
quite slowly at first, but between 11 and 16 weeks 
jumped from 4,9 to 9.27 per cent Just before de¬ 
livery, the dose of propylthiouracil v/as increased be¬ 
cause of transitory equivocal symptoms of hyperthyroid¬ 
ism; palpitation and sweating, but no tachycardia, basal 
metabolism -f 5 per cent and SPI 8,37 per cent With 
the SPI 20.67 per cent 12 rveeks after delivery she was 
frankly hyperthyroid with pulse rate 102 and basal 
metabolism +55 per cent The infant at birth had a 
large goiter. This will be discussed in another com¬ 
munication. 

The three cases in Figure S suggest again that 
the requirement {or thio drugs, estimated by clin¬ 
ical criteria, diminishes, although SPI may rise, 
as pregnancy advances. They also suggest that 
SPI may rise higher in pregnancy and for a short 
interval after pregnancy than in the nonpregnant 
state, yvithout evidence of hyperthyroidism. They 
also suggest that the hyperthyroid patient can 
tolerate higher values than the euthyroid sub¬ 
ject can during pregnancy. In case C38870 re¬ 
duction of thiourea from 75 to 25 mg. may have 
been unwarranted. Nevertheless, it resulted in 
no precipitate rise of SPI, but a gradual, symp¬ 
tomless ascent from 8.4 to 12.1 y per cent. Case 
B87633, on 15 mg. of thiourea daily, was not 
unquestionably euthyroid when SPI fluctuated be- 



Fic. 5. The Coupsr. or SPI or Thpxe H^T’ErrmTom 
P.^TIEVTS DCRtN’C PrXGIfAI.'CV 
The general significance of the symbols is described 
in the legend to Figure 1. 



Fig. 6. The Qitjese of SPI of Tsvo HypoTHypoio 
PaTEENTS DUEErc PEECHANCy 

The general significance of the symbols is described in 
the legend to Figure 1. 

tv/een 13.3 and 10,2 y per cent; but, after the first 
observation, signs of hyperactivity were minimal. 
After delivery all three patients developed hyper¬ 
thyroidism, C38870 and B87633 without change 
of therapy, ST despite an increased dose of thio¬ 
urea. In B87633 these symptoms were not as¬ 
sociated with a greatly elevated SPI, but in the 
other two patients they were. ST exhibited a 
sharp peak similar to those observed in B50950 
(Figure 2) and B35786 (Figure 3) at approxi¬ 
mately the same interval after delivery. ST, 
vihen first seen, was evidently approaching mj-x- 
edema. Reduction of the dose of propylthiouracil 
to 100 mg. raised SPI only to 4.9 y per cent in 15 
weeks. At the end of that time, however, it rose 
abruptly without change of therapy, behaving 
like that of a normal pregnant woman. 

88453, bom in 1919, hzd a pregnancy in 1938. In 
1939 she noted increasing weight, puffiness of the eye¬ 
lids and legs, and increasing fatigue. V/hen first seen 
on September 16, 1942, she presented classical signs of 
myxedema. SPI was 0.4 7 per cent, basal metabolism 
— 33 per cent and serum cholesterol 249 mg. per cent. 
On 0.12 gm. of thyroid daily her condition improved 
rapidly, SPI varying from 3.0 to 5.4 7 per cent, basal 
metabolism from —14 to +7 per cent, in the next 15 
months. She became pregnant January' b 1944. SPI 
II v.'eela before this was 2.97 per cent. Her course, 
beginning with this point, is iilustraled in Fi.gu.'-e 6. 
Subsequent SPI’s in 1949, while she v.a$ still taking 
0,12 gm. of thyroid, were 3.0 and 3.4 7 per cent. Qini- 
caJIy she remained euthyroid throughout pregmnr;.' on 
the same dose of thyroid that she took v hen rot 
pregnant 

CI8323, bom in 1922, in 1544 noted i.-ercar+g r.eirl.t. 
somnolence, lassitude, dry nails and brittle hair. In 
1943, 0.06 gm. of thyroid +;i!y, given l<cau'e 1 er m-f’/- 
oli'm was —26 per cent, rc'tcrtd f er to a nn-r-al 
V,*hcn she stopped tb" tl—ro'd that su'*'n'— 

Tccurrcd, basal metabolism f:.lli-n to ~2‘ ;er c—;. 
She was given 012 gm, cf thyro’d, wH'h vas i-rr'-at-d 
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in March, 1946, to 0.15 gin. daily. When first seen on 
November 15, 1948, after the 12lh week of pregnancy, 
she appeared normal in all respects, with SPI 5.4 t per 
cent and basal metabolism —11 per cent. The record 
in Figure 6 begins with this point. 

Of the two cases illustrated in Figure 6, one, 
88453, had frank rn 3 'xedema; the second probably 
had hypothyroidism. Unfortunately, the obser¬ 
vations on both, in and about pregnancy, arc 
scanty. Case 88453 had extremely low SPFs at 
15 and 17 weeks, 3.0 and 3.4 y per cent, respec¬ 
tively. This would seem to indicate that such 
values are not incompatible with completion of a 
normal pregnancy. She had, however, omitted 
thyroid for nine days before the first of these and 
had taken an inadequate dose in the interval of 
three weeks before the second. The two low val¬ 
ues may, therefore, represent a transitory drop. 
With resumption of a proper maintenance dose, 
SPI at the next observation was 5.1 y per cent 
and may have risen farther as pregnancy ad¬ 
vanced. Case C18328, when first seen in preg¬ 
nancy, had an SPI of 5.4 y per cent that rose, 
at the end of eight weeks, without change of 
therapy, to 7.9 y per cent. In the later part of 
pregnancy it had fallen to 5.0 y per cent, al¬ 
though the dose of thyroid had been increased. 
Unfortunately, no further observations Avere made 
until after delivery when, on the original dose of 
thyroid, SPI was 3.5 y per cent. This patient 
was never seen when she was not taking thyroid. 
The story of her initial symptoms and her reac¬ 
tions to administration and withdrawal of thyroid 
seem characteristic of hypothyroidism. Never¬ 
theless, SPI was never subnormal. Furthermore, 
it rose spontaneously under the stimulus of preg¬ 
nancy, as it does in normal persons, Avithout 
change of therapy, and fell after delivery. Fi¬ 
nally, she was able after delivery to tolerate 0.24 
gm. of thyroid without clinical evidence of h)q3er- 
thyroidism, which is unusual for a hypothyroid 
subject. The effect of this dose on SPI was, un¬ 
fortunately, not ascertained. Even 88453, with 
indubitable hypothyroidism, seemed to be able to 
raise SPI under the stimulus of pregnancy. 

B90834, born in 1924, in 1940 Avas given up to 0.30 
gm. of thyroid daily for obesity. This dose Avas later 
reduced to 0.12 gm., and in 1945 discontinued entirely 
for eight months, Avithout noticeable effects. Thyroid 
Avas again resumed in a dose of 0.09 gm. because the 
basal metabolism Avas — 16 per cent, Avith the idea that 



Fig. 7. Tiir. Course of SPI of Three Questioxabla' 
Hypothyroid Patients During Pregnancy 

The general significance of the symbols is described 
in the legend to Figure 1. 

it miglit promote conception. In 1947 she had a nor¬ 
mal delivery after an uneventful pregnancy. NoA'cmbcr 
3 of the same year her basal metabolism Avas — 17 per 
cent. December 23 thyroid Avas discontinued. January 
13, 1948, she had a prolonged menstrual period at the 
normal intcrA-al. Because a spontaneous abortion Avas 
suspected, she Avas ordered to resume 0.12 gm. of thy¬ 
roid daily, despite the absence of CA'idences of hypo¬ 
thyroidism. On sev'cral occasions after this, because 
of irregular bleeding, pregnancy Avas suspected, but the 
Ascheim-Zondek test remained consistently negative. 
March 3 the dose of thyroid AA-as increased to 0.18 gm., 
but Avithin a month Avas again reduced to 0.12 gra. and 
finally, on October IS, AA'as stopped entirely. The in¬ 
terruption coincided Avith her last menstrual period. 
December 20, Avhen the first SPI Avas 3.27 per cent, 
she had been pregnant for nine Aveeks and had been 
taking 0.12 gm. of thyroid for fiA'e AA’ceks. The course, 
beginning Avith tliis point, is illustrated in Figure 7. 

C9888 AA’as born in 1927. In 1940, because she lacked 
vigor, Avas someAvhat somnolent and had oily skin, a 
basal metabolism Avas taken and found to be Ioaa'. In 
1942 her condition appeared to improve Avhen she took 
0.06 gm. of thyroid daily. In Januarj'', 1947, just before 
marriage, she discontinued medication Avith no other 
effect than slight retardation. January 22, 1948, she 
became pregnant. Her SPI tAvo Aveeks earlier Avas 
4.2 7 per cent, basal metabolism —16 per cent. Her 
course, beginning Avith this point, is illustrated in Figure 
7. 

C27422, born in 1920, in 1947, because of lassitude, in¬ 
fertility and a basal metabolism of —23 per cent, Avas 
given 0.12 to 0.18 gm. of thyroid daily. She noticed little 
change in her symptoms, but her basal metabolism rose 
to — 5 per cent, to fall again to —17 per cent Avhen she 
discontinued medication. She, therefore, resumed thy¬ 
roid, taking from 0.03 to 0.12 gm. daily. 

She became pregnant February 26, 1949. May 31, since 
she had no signs of thyroid disorder, the thyroid Avas dis¬ 
continued. June 27, because her basal metabolism Avas 
—19 per cent, she Avas given 0.09 gm. of thyroid daily, 
Avhich Avas progressively increased until on September 8 
it Avas 0.18 gm. September 26, at the end of 30 Aveeks 
of pregnancy, SPI Avas 7.3 7 per cent, pulse rate 72. The 
course, beginning Avith this point, is illustrated in Figure 
7. 
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The three patients in Figure 7 at one time or an¬ 
other received thyroid for presumptive hypothy¬ 
roidism, although it is doubtful whether this diag¬ 
nosis was justified. SPI of B90834 and C9888, 
on moderate doses of thyroid, rose in the early 
months of pregnancy to concentrations of 5.6 to 
5.9 7 per cent, slightly loiver than those usual in 
pregnancy, falling in the later part of pregnancy 
without change of therapy. The course of C27422 
can not be distinguished in any respect from that 
of a normal pregnant woman. The trio empha¬ 
sized what was brought out in an earlier paper (3), 
the ability of the pregnant woman to dispose of 
thyroid hormone. 

A16616, bom in 1907, on June 24, 1942, when she was 
six weeks pregnant, though free from symptoms, was 
found to have a palpable thyroid gland, slight exophthal¬ 
mos, a pulse rate of 92, basal metabolism 4-35 per cent 
and SPI 11.27 per cent Her course, beginning at this 
point, is illustrated in Figure 8. She was followed alto¬ 
gether through three pregnancies and the intervals be¬ 
tween them, receiving variable, sometimes intermittent, 
doses of Lugol’s solution. Her course throughout re¬ 
sembled that of a normal woman. There were never 
clinical manifestations of hyperthyroidism and the pulse 
rate did not exceed 80. 

C1S718, born in 1926, in 1943 noted enlargement of her 
thyroid gland. In 1946 she had a normal pregnancy. 
When seen September 2, 1948, she had a moderate, 
diffuse enlargement of the thyroid, rather dry hair, a pulse 
rate of 68, basal metabolism — 22 per cent, SPI 3.8 7 per 
cent and serum cholesterol 197 mg. per cent. Her course, 
beginning with this point, is illustrated in Figure 8. 
There was nothing unusual about her course until 14 
weeks after delivery when she was found to be gaining 



Fig. 8. Tnr. Course of SPI or Two Queshokaely 
HY rERTnYROTU PATIEK-rS DUEIXG PpXGXAj:CY 
The general significance of the symbols is described in 
the legend to Figure 1. Case AI6616 was followed 
through three pregnancies. The figures for therapy 
refer to drops of Lugol’s solution except at the end of 
the coarse of Case ClS/lS when thyroid was substituted. 


weight rather rapidly, her pulse rate was only 52 and 
she complained of pains in the upper part of her chest and 
feeling bloated after meals. One month later her weight 
had increased further, her skin had become dry and her 
face and hands seemed puffy. Serum cholesterol proved 
to be 358 mg. per cent (unfortunately the tube containing 
the specimen for determination of SPI was broken). She 
was given at once 0.12 gm. of thyroid, which was in¬ 
creased to 0.18 gm. daily four weeks later, because her 
symptoms had not been entirely allayed. April 10, 1950, 
tsvo months after the thyroid %vas begun, SPI wzs 6.3 7 
per cent, serum cholesterol 135 mg. per cent, pulse rate 
70, wdght normal, and she felt and appeared euthyroid. 

These two cases illustrated in Figure 8 are 
quite anomalous. There can be little doubt that 
A16616 had hyperthyroidism when she was first 
seen. Both SPI and evidences of hyperthyroidism 
subsided imder the influence of Lvgol’s solvtion 
alone. Thereafter she ran a clinically almost eu¬ 
thyroid course in and out of pregnancy, with and 
without Lugol’s solution in variable doses. On 
one occasion, after the third deliver}’, moderate 
signs of overactivity of the thyroid appeared with 
SPI 8.0 7 per cent, while she was receiving 5 drops 
of Lugol’s solution daily. These subsided without 
change of therapy, SPI falling to 5.5 y per cent, 
and subsequently to 3.4 y per cent while she w’as 
taking no medication. The basal metabolism also 
was most capricious, usually above normal, with 
no apparent relation to SPI or clinical condition. 
This is a most abnormal pattern of behavior. 
Whether it indicated fluctuant thyroid activitj* it 
is impossible to say. Whatever its significance 
may have been, in pregnane)’ SPI followed the 
course expected in a euthyroid subject. 

Case Cl 5718 was given Lugol’s solution in be¬ 
half of a goiter only. Shortly thereafter, just be¬ 
fore pregnancy, SPI fell to 2.1 y per cent, a con¬ 
centration indicative of hypothyroidism. Never¬ 
theless, it rose in pr^nancy and remained elevated 
until 14 Aveeks after a normal deliver)-, Avhen she 
suddenly developed hypothyroidism. It is pos¬ 
sible that she was entering this state before preg¬ 
nane)'. In this case it must be inferred that the 
stimulus of pregnane)’ was able to elicit a response 
from the failing gland. 

DISCUSSION 

Certain difficulties present tb.en'.'elves in the 
analysis of these data. Hype.’-thyro’dism is in¬ 
herently a variable disease, n'-arhed by rcrnis'ions 
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and exacerbations. In many instances there was 
no opportunity to observe the behavior of the pa¬ 
tients for extended periods outside of pregnancy. 
Sometimes only fragments of the courses during 
pregnancy could be studied. Often it was not 
feasible to make observations at frequent or con¬ 
sistent intervals. The most desirable intervals for 
observations, indeed, were not known. It has been 
pointed out that SPI fluctuates greatly during nor¬ 
mal pregnancy (3). It was impossible to follow 
any consistent course of therapy with justice to the 
patients; the treatment had to be regulated in ac¬ 
cordance with the presumptive needs of each pa¬ 
tient. In the earlier phases of the study the pe¬ 
culiar behavior of SPI during pregnancy was 
unknown. Attempts were, therefore, made to keep 
SPI within normal, nonpregnant limits. These 
were, however, somewhat tempered by fear for the 
consequence to the fetus should thyroid function 
be too much depressed. Efforts to strike a golden 
mean were not entirely successful. Recognition of 
the facts about SPI in pregnancy only complicated 
the problem. The last purely objective measure of 
thyroid activity was removed. Both basal metab¬ 
olism and serum lipids are variously affected by 
pregnancy and are not, therefore, reliable indices 
of thyroid function in this state. Although both 
were measured at intervals, reliance had to be 
placed chiefly on clinical appraisal of the patients’ 
conditions. 

In spite of these difficulties the case material is 
large and varied enough to warrant some tentative 
deductions. In most instances SPI during preg¬ 
nancy in patients with thyroid disorders, as in 
euthyroid subjects, was greater than 6.0 y per cent. 
In some instances, usually as a result of treatment, 
it fell below 6.0 y per cent temporarily or did not 
reach this concentration until pregnancy had ad¬ 
vanced to 16 weeks. Occasionally it declined in 
the terminal weeks of pregnancy. In only two 
patients, B90834 and C9888 (Figure 7), did it re¬ 
main persistently below 6.0 y per cent, and in 
these two it was above 5.0 y per cent until 33 
weeks. In general it tended to follow the course 
observed in normal pregnancy, rising in the course 
of the first 16 weeks, usually remaining elevated 
until delivery. The time of the initial rise varied 
from case to case and was frequently modified by 
treatment; but in cases with more than one preg¬ 


nancy there was a definite tendency for the same 
pattern of behavior to recur dc.spitc variable treat¬ 
ment. 

In patients with active hyperthyroidism the SPI 
curves tended to lie at higher concentrations than 
the curves of euthyroid pregnant patients. Just 
as the latter tolerate in pregnancy concentrations 
of SPI that in nonpregnant women would be indic¬ 
ative of hyperthyroidism, so the hyperthyroid pa¬ 
tient ai)pcarcd to tolerate still higher values with¬ 
out symptoms. It was not possible to demonstrate 
this in all the subjects because some, for example 
B50050, when not pregnant, on occasions had un¬ 
usually high SPI without hyperthyroidism. In the 
hyperthyroid subjects, however, this combination 
occurred with far greater frequency. Only two 
patients, C19922 and C24644, had symptoms sug¬ 
gestive of persistent hyperthyroidism during preg¬ 
nancy with SPI under 10 y per cent, and in these 
two the signs were equivocal. This does not imply 
that the tolerance of the hyperthyroid to high SPI 
is actually greater than that of the euthyroid sub¬ 
ject because the SPI of the latter is not easily 
raised to the concentrations encountered in the hy¬ 
perthyroid subjects. It merely indicates that in 
pregnancy higher SPI can be tolerated even if 
this arises from overactivity of the thyroid gland. 
This is circumstantial evidence that the increment 
in pregnancy is composed of thyroid hormone. 
The ability of the pregnant woman to dispose of 
exogenous hormone was demonstrated in the pre¬ 
ceding paper. It is also evident in the three pa¬ 
tients whose courses are shown in Figure 7. 

In those patients in which antithyroid treatment 
was kept unchanged or was reduced during preg¬ 
nancy, the course of SPI and symptoms, especially 
the latter, suggest that during pregnancy the re¬ 
quirement for antithyroid therapy diminishes. 
This might be interpreted as an indication that the 
tolerance for thyroid hormone is increased, a view 
that is in keeping with the traditional concept that 
the activity of the thyroid gland increases during 
pregnancy, 

A further indication that the tolerance for thy¬ 
roid is increased and the need for therapy dimin¬ 
ished during pregnancy is found in the sudden rises 
of SPI associated with outbursts of hyperthyroid¬ 
ism encountered after delivery in a large propor¬ 
tion of the cases, especially the flagrant outbursts 
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associated wth high peaks of SPI. These were 
encountered on four occasions in nine patients 
with definite hj-perthyroidism. The three patients 
in whom they occurred were all followed for long 
periods without other similar incidents. All the 
peaks were noted within the narrow interval of 
10 to 12 weeks after delivery . Since they appeared 
to be wholly or partly self-terminative and of 
short duration, they might have been discovered 
more often if observations postpartum had been 
made with greater frequency. Lesser rises of 
SPI associated with hyperthyroidism were noted 
after delivery in several other instances. These 
rises associated with hyperthyroidism differ from 
the persistently high values immediately after de¬ 
livery, which are symptomless. SPI does not al¬ 
ways fall immediately after delivery in hyperthy¬ 
roid patients any more than it does in normal sub¬ 
jects (3); but may stay elevated for some time. 
These elevations, like those after normal preg¬ 
nancy, are not associated with signs of hyperthy¬ 
roidism. The tolerance to SPI is not cotemunal 
with pregnancy but outlasts it by an appreciable in¬ 
terval. Both tolerance and interval may be greater 
in the thyroid patient. But, if the rise persists be¬ 
yond a certain time, symptoms appear. The SPI 
of C38870 (Figure 5), for instance, rose to 15.9y 
per cent 11 days after delivery without evidences 
of hyperthyroidism, but six weeks later with the 
same concentration of SPI she had distinct 
symptoms. 

The tendency for SPI to rise during pregnancy 
was evident even in the patients with hypothyroid¬ 
ism. This might suggest that the high SPI signi¬ 
fied not increased secretion and utilization, but 
some block to the utilization of thyroid hormone. 
This interpretation appears unlikely, first of all 
because of the tolerance for exogenous thyroid 
evinced by euthyroid pregnant women (3), The 
lesser need for antithyroid therapy would also ar¬ 
gue against such an hypothesis, unless it be also 
presumed that the secretory activity of the thyroid 
is decreased during pregnancy, which would make 
it difficult to e.xplain the high values of SPI. The 
rises after delivery would be equally unaccountable 
on this basis. It would also be necessary on the 
diminished utilization theory to hypothesize that 
the tissues required less thyroid during pregnancy, 
else the Inyxithyroid patients should have sunk 


into myxedema as SPI rose. The SPI of case 
B82863 (Figure 1) shot up with the appearance of 
active hyperthyroidism after propylthiouracil had 
been discontinued for only rivo weeks, descending 
with equal speed when the previous dose of drug 
had been resumed. This rapid reaction indicates 
that secretion, utilization and sensitiwty are all 
active. It has been remarked that in the authentic 
hypothjToid, 88453 (Figure 6), the low SPI found 
at 15 weeks followed abstention from medication 
for only one week. If it be assumed that it had 
previously been as high as it later was on the origi¬ 
nal dose of 0.12 gm., this would suggest an im- 
usually rapid deterioration. C18328, in the same 
figure, appeared to utilize increasing amounts of 
thy'roid in the later part of pregnancy'. It is prob¬ 
able that clinical hypothyroidism in many cases is 
not a total, but a partial, deficiency'. In some cases, 
indeed, it may represent only' the absence of the 
normal stimulus to thyroid activity. It is con¬ 
ceivable that the stimulus of pregnancy' may break 
dow'n this inhibition or arouse the residual thyroid 
tissue to activity. In this connection the response 
of C15718 (Figure 8) is most suggestive. 

In the preceding paper (3) it ^Yas pointed out 
that the SPI’s of women receiving exogenous thy¬ 
roid could remain low without compromising 
pregnancy'. In the present series persistently low 
SPI was encountered only in patients who were 
receiving exogenous thyroid. 

The argument thus far has presupposed that the 
increment of SPI in pregnancy is of the same com¬ 
position as the preexisting SPI, chiefly thyroid 
hormone. This presumption is open to challenge. 
Danowski and associates (5) found that extraction 
of the serum with butanol by the method of Taurog 
and Chaikoff (6) yielded -values in pregnancy 
that did not differ from SPI more than the values 
by the two methods differed in the sera of normal 
indiriduals. Similar results have been obtained by 
us in a number of sera (7). In this respect, at 
least the increment in pregnancy behaves like thy¬ 
roxine. In addition, the reaction of euthyroid 
pregnant women to thyroid and the Ix-havior of 
the patients with thyroid disorders presentc'l in 
this paper are more easily c-xplaintd on the Iiy- 
pothesis thuat the increment of SPI does ccnsisl cf 
thyToid hormone. 
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SUMMARY AND CONCLUSIONS 

The clinical course and the SPI during preg¬ 
nancies of 16 patients with disorders of thyroid 
function have been analyzed. Treatment was lim¬ 
ited to the use of thiourea, propylthiouracil, Lu- 
gol’s solution and dried thyroid. The hyperthy¬ 
roid patients became and remained euthyroid with 
concentrations of SPI characteristic of normal 
pregnancy, distinctly above those of normal non¬ 
pregnant women. There is some evidence that 
they were able to tolerate in pregnancy concentra¬ 
tions greater than 10 y per cent, the highest value 
observed in euthyroid pregnant subjects. TJjc data 
suggest that the requirements for antithyroid 
drugs may diminish during pregnancy and in¬ 
crease after delivery. 

The implications of these phenomena with re¬ 
spect to the nature and significance of the high 
SPI of pregnancy are discussed. 
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crepitation on motion tvas noted. There was thickening 
of the periarticular tissues. 

Shortlj' after admission, she had a febrile episode as¬ 
sociated with a urinarj- tract infection and lapsed into 
complete unresponsiveness with further drop in blood 
pressure. Treatment for Addisonian crisis was instituted 
and resulted in a satisfactorj- response. An unsuccessful 
attempt to stabilize the blood pressure, electrolyte, and 
endocrine metabolism on desoxycorticosterone and thy¬ 
roid extract was made. Eventual maintenance medica¬ 
tions were: 1) Lipoadrenal Cortex (Upjohn), 2 ml. in¬ 
tramuscularly daily. 2) Testosterone propionate, 20 mg. 
intramuscularly daily. 3) Sodium chloride, 6 gm. daily. 

Laboratory' examination at the time of admission failed 
to demonstrate the presence of urinary gonadotropins, 
and 17-ketosteroid excretion was 0.84 mg./24 hours. Se¬ 
rum sodium was 290 mg./100 ml., potassium 29.3 mg./lOO 
ml., and plasma chlorides 525 mg./lOO ml. Blood urea 
nitrogen was 17 mg./lOO ml, and the creatinine 1.0 mg./ 
100 ml. X-rays revealed the lung fields to be clear. The 
cardiothoracic ratio was 0.38. X-rays of the abdomen 
demonstrated no calcification in the adrenal areas. Skull 
x-rays were normal. Roentgenograms of the hands dem¬ 
onstrated atrophic changes. A basal metabolic rate tv,o 


weeks after admission was — 16%. A plasma protein 
bound iodine in June, 1950, was 2.6 gamma/100 ml. A 
test for adrenal cortical insufficiency with 25 mg. ACTH 
as described by Thom, Forsham, Prunty, and Hills (9) 
failed to demonstrate a significant drop in ciradating 
eosinophils or change in urinary uric acid excretion. An 
intravenous glucose tolerance test produced a febrile re¬ 
action and drop in blood pressure which necessitated dis¬ 
continuance of the test and use of supplementary adrenal 
cortical e.xtract and intravenous saline. 

METHODS 

During the study the carbohydrate, fat, protein, and 
sodium in the diet were calculated since it was impossible 
to keep the diet constant Blood pressure and weight 
were recorded daily at 7:00 a.m. Because of the mental 
status of the patient 24 hour urine and stool specimens 
were collected with some difficulty. Toluene was used 
as preservative in the urine specimens e.xcept on days 
when 17-ketosteroid and uric acid determinations were 
made. Eosinophil counts and leukocyte counts were 
done by the method of Randolph (10) : erythrocyte sedi¬ 
mentation rates by the Westergren method; serum so- 
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dium by the metliod of Hoffman and Osgood (11); scrum 
potassium according to Breh and Gocblcr (12) ; urine and 
blood uric acid by the method of Folin (13) ; 17-kctostcr- 
oids by the method of Robbie and Gibson (14). Tiic pa¬ 
tient was studied daily by two independent observers, and 
notations were made of changes in mental status, joint 
mobility, and general appearance. ACTH (Armour 
Standard LA-l-A Control 19801) freshly dissolved in 
saline was administered intramuscularly, 25 mg. every six 
hours. Cortisone acetate (Merck) was given eveiy six 
hours intramuscularly (Figures 2, 3, 4). 

Regimen (Figure 2) : Function of the pituitary was 
thought to be so slight that to discontinue all medication 
at the start of ACTH administration was inadvisable. 
Lipoadrenal cortex was omitted after four days of ACTH, 
but testosterone was continued. Lipoadrenal cortex was 
again given at the termination of the course of ACTH 
when pneumonitis with fever and hypotension inter¬ 
vened. During the first period on cortisone, lipoadrenal 
cortex was discontinued when a sharp rise in weight and 
elevation of blood pressure occurred. Shortly there¬ 
after cortisone was reduced and, later, discontinued when 
edema appeared. Added sodium chloride was also dis¬ 
continued. Testosterone was discontinued before the 
second course of cortisone. At the completion of the 
second course of cortisone, no medications were given for 
21 days. Fall in blood pressure necessitated resumption 
of therapy with lipoadrenal cortex. 

RESULTS 

Clinical observations: Before the beginning of 
this study, the patient was lethargic, passive and 
intermittently hallucinated. During the first six 


days of ACTIi administration, liallucination and 
agitation become extreme, requiring restraint and 
on one occasion tube feeding. The psychotic be¬ 
havior became less pronounced when ACTH was 
continued. Wliile on cortisone the patient became 
cooperative, and had long periods of lucid behavior. 
During administration of cortisone the skin re¬ 
mained dry and soft. The subcutaneous tissue of 
the face took on a loose, spongy consistency much 
like that seen in myxedema. A luxuriant growth 
of axillary and jiubic hair appeared during corti¬ 
sone therapy. This was accompanied by extreme 
modest}’’, which heretofore had been lacking com¬ 
pletely. The activity of the rheumatoid arthritis 
was such that no dramatic change was observed. 
During the course of ACTH there was slight ob¬ 
jective inci'ease in range of motion of the knees, 
ankles and left elbow. After four days on ACTH 
the patient walked spontaneously for the first time 
during the entire period of hospitalization. The 
agitation and hallucination at this period, however, 
probablj'^ accounted for the apparent absence of 
pain on walking. In the interval between ACTH 
and cortisone administration there was a definite 
exacerbation of joint pain, swelling and local heat. 
Cortisone brought about definite objective and 
subjective improvement in the rheumatoid state 
(Figure 1). This occurred gradually during a 
seven day period. During the 22 day period be- 
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tween the courses of cortisone there was no exacer¬ 
bation of joint signs or symptoms. Twenty-one 
days after completion of the second course of corti¬ 
sone, both knees but especially the right, became 
painful, warm, and swollen. An accompanying 
systemic febrile response occurred. 

A gain in body weight of nine pounds was noted 
after 10 days of ACTH administration (Figure 2). 
No edema was evident. This gain could not be 
followed accurately because pneumonitis necessi¬ 
tated the use of supplementary adrenal cortical ex¬ 
tract three days after completion of ACTH ad¬ 
ministration. By the sixth day of the first course 
of cortisone, a weight gain of 10 pounds had oc¬ 
curred. Edema appeared and remained despite 
discontinuation of lipoadrenal cortex and sodium 
chloride. Cortisone was discontinued on the 12th 


day after her weight had risen from 93 to 115 
pounds. It was believed that the appearance of 
edema was a manifestation of sodium retaining 
effect of cortisone (3), added to the effect of 
testosterone (15). After edema had disappeared 
her weight remained 10 poimds above the control 
level and represented an increase in body tissue. 
This gain was maintained in the 23 day inter\-al 
between courses of cortisone. During the second 
period of cortisone her weight increased but 3 
pounds. However, an additional gain of 5 poimds 
was noted in the 12 day interval subsequent to 
its administration. During the second period, 
when cortisone was the only drug being adminis¬ 
tered, no edema appeared. 

Blood pressure was maintained sh'ghtly above 
control le\'els by ACTH after discontinuatmn of 
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Fig. 4 


Hpoadrenal cortex (Figure 2). During the first 
course of cortisone, blood pressure rose from an 
average control level of 110/80 to 138/98 on the 
12th day, concomitantly with the appearance of 
edema. When cortisone was given without lipo- 
adrenal cortex, testosterone propionate and so¬ 
dium chloride, only slight elevation of systolic and 
diastolic arterial tension was noted. Blood pres¬ 
sure did not return to control levels immediately 
after stopping cortisone, but dropped gradually 
over a period of 14—21 days. 

Chemical observations: The data for serum so¬ 
dium, potassium, uric acid, and 17-ketosteroids are 
given' in Figure 3. Serum sodium varied from 
280 to 335 mg./lOO ml. with no significant corre¬ 
lation to drug administration. Serum potassium 
levels dropped to 14.9 mg./lOO ml. on the fifth 
day of ACTH and remained below control levels 
during the entire course. This was interpreted 
as suggestive evidence of adrenal cortical activity 
inasmuch as potassium diuresis had been an ob¬ 
served effect of ACTH administration (3, 7, 8). 
No alteration of significance occurred during 
cortisone administration. Neither ACTH nor cor¬ 
tisone significantly altered the blood uric acid 


levels. The urinary uric acid/creatinine ratio 
was not significantly altered at any time in the 
course of this study. 

While on testosterone propionate, 20 mg. daily, 
before and during the control period, 17-keto- 
steroid excretion ranged from 4.4 to 6.6 mg./24 
hours. These figures are somewhat less than the 
percentage excretion of administered testosterone 
observed by Fraser, Forbes, Albright, Sulkowitch 
and Reifenstein (16). While ACTH was ad¬ 
ministered, no appreciable change in 17-keto- 
steroid excretion occurred. During the first course 
of cortisone, while testosterone was continued, an 
increased excretion of 17-ketosteroids was ob¬ 
served. This effect was noted 20 days after dis¬ 
continuation of cortisone, and would suggest con¬ 
tinued slow absorption from the site of injection, 
an observation previously made by Sprague, 
Power, Mason and Cluxton (17). Following the 
second course of cortisone during which no testos¬ 
terone was given, the 17-ketosteroid excretion 
was maintained near the control level by cortisone. 

Alteration in tolerance of carbohydrate was not 
evidenced by fasting and post-prandial blood sugar 
determinations. 
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Hematologic observations: Values for erythro¬ 
cyte sedimentation rate, circulating eosinophils, 
total leukocytes, absolute lymphocytes, and erj'th- 
rocytes are plotted in Figure 4. The er}lhroc}'te 
sedimentation rate decreased from an average con¬ 
trol value of 68 mm./hour at the termination of 
ACTH administration to 40 mm./hour. Signifi¬ 
cant decrease to 10 mm./hour occurred 16 days af¬ 
ter initiation of cortisone therapy. During the 
second course of cortisone a significant decrease 
in sedimentation rates failed to occur. Total cir¬ 
culating eosinophils dropped from an average con¬ 
trol level of 290/cu. mm. to 44/cu. mm. on the 
fourth day of ACTH therapy. A gradual return 
to essentially control level by the seventh day of 
treatment was noted. A similar decrease in cir¬ 
culating eosinophils was observed during the first 
course on cortisone, while no definite trend oc¬ 
curred during its second exhibition. The total 
leukocj'tes rose from an average control value of 
5000/cu. mm. to average treatment values of 
9000/cu. mm. on ACTH. A pronounced increase 
in total Ieukoc>'te count occurred after six days of 
cortisone and continued for eight days after its 
discontinuation. A similar increase was observed 
during the second course of cortisone. There was 
very little change in absolute lymphocj'te counts 
during the entire study. 

The erythrocyte count rose from control levels 
of 4,300,OOO/cu. mm. to 5,980,000/cu, mm. at the 
completion of the second" course of cortisone. 

DISCUSSION 

Because this patient had clinical signs of hypo¬ 
thyroidism and a lorv basal metabolic rate, she 
was treated with small amounts of th 3 'roid sub¬ 
stance on four occasions. The response Nvas ad¬ 
verse and each time the therapy had to be dis¬ 
continued. The symptoms which caused the 
latest admission to the hospital suggested adrenal 
insufficiency, and although she rvas hj'pokinetic 
and her skin was dr>’ the signs of mj'xedema were 
not outstanding. ACTH caused no alteration in 
the relationship of the clinical signs of adrenal in¬ 
sufficiency to those of lu'pothjToidism, but when 
the hj-poadrenalism was controlled with cortisone, 
striking signs of myxedema occurred. Qinically 
it seemed that partial control of either adrenal or 
thyro".d insufficiency enhanced signs of the un¬ 


treated endocrine deficiency. That there is a re¬ 
lationship bettveen adrenal and thyroid function 
has been demonstrated by’ Sofier, Gabrilove, and 
Jailer (18). Evidence that this relationship is 
more than relative is not apparent from our study. 

The observations set forth in this study of an 
unusual clinical combination of rheumatoid arthri¬ 
tis and hypoftmetion of the adrenal cortex second¬ 
ary' to hypopituitarism are in keeping with the 
rapidly accumulating data in this field (3-6, 8). 
In our patient there was clinical and laboratory 
evidence that some bit of adrenal cortex remained 
and was responsive to stimulation by ACTH. 
This response mediated through the adrenal glands 
was shorter and less intense than the general re¬ 
sponse to substituted cortisone. Generalizations 
from this series of studies are not warranted. 

summary 

1. ACTH and cortisone were administered to 
a patient with longstanding panhypopituitarism 
and rheumatoid arthritis. 

2. Partial adrenal cortical actirity’ was demon¬ 
strated during ACTH administration, 

3. The effect on the arthritis was equivocal after 
administration of ACTH, but was definite after 
administration of cortisone, 

4. Clinical, chemical and hematologic data are 
in agreement with present conceptions of the 
metabolic and therapeutic properties of ACTH 
and cortisone. 
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Our interest in the metabolism of hemoglobin in 
patients with thermal injury was stimulated by 
early observations that (c) in spite of multiple 
whole blood transfusions anemia often developed 
rapidly in the first 96 hours after injury, and (6) 
in the protracted convalescence of a patient with 
only a small bum, moderate anemia inevitably 
ensued. The latter was exceptionally refractory 
to all except replacement therapy. With these 
two facts in mind we have undertaken our present 
study of the bum patient in an attempt to answer 
the following questions; (1) to what extent does 
hemolysis occur, and (2) what information about 
the anemia of the protracted convalescent stage 
might a continuous investigation of heme metabo¬ 
lism give us ? 

Previous work on the same general problem has 
already been presented by Moore, Peacock, Blake¬ 
ley, and Cope (1), who demonstrated an increased 
excretion of urobilinogen in the urine of four pa¬ 
tients and an increased excretion in the feces in 
one patient. Similarly, the British workers, An¬ 
derson and Semeonoff (2), described increased 
excretion of urinarj' urobilinogen. Others have 
pointed out the potentiality of increased osmotic 
fragility and plasma hemolysis (3, 4) earl}' in the 
post-burn period as well as agglutination and 
"sludging” of the red cells (5) in the peripheral 
circulation removed from the site of the injury-. 

® Presented in part before the Qinical Congress, Ameri¬ 
can College of Surgeons, October 16-23, 1949, Chicago, 
Illinois, 

® Supported by grants to the Surgical Research Labora¬ 
tory, Department of Surgery, from the Medical Research 
and Development Board, Department of tlie Army (Proj¬ 
ect: S.F. No. W-49-007-MD-411). 

’ Markle Sdiolar in Medical Sciences; formerlj'. Post- 
doctorate Research Fellow of National Institutes of 
Health. 

* Surgical Research Fellow. 

® Director of Surgical Research Laboratory. 


Cartwright and his associates have presented 
several papers discussing some of the metabolic 
aspects of the anemia of chronic sepsis, and give 
data showing low serum iron, elevated serum cop¬ 
per and increased urinary coproporphyrin excre¬ 
tion (6). A few studies are available, notably 
those of Saifi and Vaughan (7, 8), in which esti¬ 
mations of the urobilinogen excretion in the urine 
and feces in chronic sepsis have been made. In 
our experience bacterial contamination and growth 
on the burned area is always present after the first 
dressing of third degree bums. 

In the investigation of an anemia which appears 
suddenly over a period of a few days, it would 
seem of some importance to estimate the amount 
of the end products of hemoglobin catabolism. 
The correlation of the amount of hemoglobin end 
products, as urobilinogen, with the total number 
of grams of circulating hemoglobin has been dis¬ 
cussed by Miller, Singer, and Dameshek (9) and 
others as the hemolytic index, and can serve as a 
rather reliable method of estimating intravascular 
hemolysis. Moore and his colleagues (1) in their 
reriew mention the initial hemol^dic phase of 
bums but only support this obsen'ation with one 
case with fecal urobilinogen stud}'. We believe 
the urine urobilinogen may have a diderent in¬ 
terpretation than that described. 

METHODS AND MATERIAL 

Seventeen bam patients admitted to the Bum Service 
of the Department of Surgery at the Medical Ocilege of 
Virginia were selected for study. Tr.e bums v. ere usually 
of the free fire type caused by kerc'er.e cy-rla'icins in 
wood stoves and by blaring clothi-g. Lmmediately aft-r 
admission the patients were started cn st-udy v.id", an i-i- 
tial hemogram, a Hood •. o'ur-e cetem-inatlo", a-1 a 
contimuo'us collection o: all u-i-e a-d f-cej S-'"•gam: 
b’ood studies ■v.ere perfcmrt-l as i-l--at-d. Trratmert 
in all the cc'es vas e^'crtially tl'■ •a—*, <—p--’ 
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TAREE I 



Patient j 

Arc 

Sex 

Race 

Amount of burn 
in ficr cent 

Cause 

Result 

Third 

dcRrcc 

Tot.ll 

Group I 

c. w. 

17 i 


W 

0 

35 

Gasoline explosion 

R* 

0 to 10% i 

A. D. 

13 1 

F 

w 

1.5 

23 j 

Free fire 

R 

i 

R. G. 

28 

M 

w 

2.0 

12 

Electrical 

R 


G. C. 

10 

M 

w 

4.0 

70 

I'rcc fire 

R 


J.B. 1 

35 

M 

N 

' 4.0 

16.5 

Hot water j 

R 


W. B. 

11 

M 

N 

7.0 

11.0 

Free fire 

R 

Group II 

B. C. 

60 

iM 

\v 

' 11.5 

22.5 

' Free fire j 

R 

11% to 20% 

A. C. 

19 

M 

' N 

12 

17.5 

Gasoline 

! R 


B. R. 

15 

M 

N 

15 

20 

Free fire 

R 

Group III 

C. T. 

31 

M 

N 

30 

47 

Free fire 

D* 

21% or greater 

F. T. 

33 

i M 

N 

30 

95 

Gasoline e.xplosion 

D 


J. M. 

84 

M 

N 

38 

48 

Free fire 

D 


S. L. 

57 

F 

W 

20 

70 

Free fire 

D 


G, L, 

19 

F 

N 

51 

62 

Free fire 

D 


F. J. 

20 

F 

N 

55 

65 

Free fire 

D 


0. B. 

29 

F 

N 

65 

74.5 

Free fire 

D 


* R = Recovered; D = Died. 


sure bandage without debridement, parenteral antibiotics, 
fluids and when indicated whole blood transfusion. 

The hematologic methods were those given by Win- 
trobe (10). Hemoglobin was measured by the alkaline 
hematin method in sodium carbonate on the Coleman 
Junior Spectrophotometer, standardized for hemoglobin 
by the oxygen capacity method. The urine was collected 
in brown glass bottles, using 5 Gm. of sodium carbonate 
with petroleum ether as a preservative. Feces were col¬ 
lected in waxed carton containers. Urine urobilinogen 
determinations were done on one day or two day col¬ 
lections, fecal urobilinogen on four day or longer collec¬ 
tions by the quantitative method of Schwartz, Sborov, and 
Watson (11). We have used 200 mg. per day as the up¬ 
per limit of normal for fecal urobilinogen studies since 
this was the highest value obtained on two normal sub¬ 
jects in our laboratory. This is somewhat lower than the 
upper limits usually described as 250 mg. per day. Total 
urinary coproporphyrin was determined on the Klett 
photofluorometer model 1040 by the method of Schwartz, 
Hawkinson, Cohen, and Watson (12). Standardization 
of our instrument was performed with coproporphyrin 
dimethyl ester, prepared, isolated, and purified in our 
laboratory from porphyria urine and urine from lead 
poisoned patients. Serum bilirubin (13), T-1824 plasma 
volume (14), and P“ red cell volume (15) were deter¬ 
mined at intervals designed to aid us in our studies. The 
hemolytic index, a ratio of urobilinogen excretion per 
day to total circulating hemoglobin, has been described 
by Miller, Singer, and Dameshek (9). It is calculated 
in the following manner: 

hemolytic index 

_ urobilinogen excretion in mg. per day X 100 

~ total circulating hemoglobin in grams 
The normal range of this index is given as 11-21. 


RESULTS AND DISCUSSION 

Table I presents statistical data on our patients 
who were arbitrarily separated into three groups 
based on the percentage of third degree bum as 
estimated by the Lund and Browder values (16). 
This division is as follows: Group I, 0 to 10 per 
cent; Group II, 11 to 20 per cent; Group HI, 
21 per cent or greater. 

The results of the fecal urobilinogen studies 
should be evaluated in the light of previous ex¬ 
perience that whole blood transfusions, particularly 
if the blood has been stored for more than a week, 
leads in some instances, not only to a slight in¬ 
crease in the serum bilirubin, but also an increase 
in fecal urobilinogen (17, 18). Also of con¬ 
siderable importance are the recent clinical studies 
of London (19) and his associates which indicate 
that at least 11 per cent of the fecal stercobilin® 
in normal persons is derived from sources other 
than the pigment fraction of hemoglobin. To 
what extent increases in fecal urobilinogen (vide 
wfra) are due to non-hemoglobin sources in our 
patients cannot be ascertained, and the possibility 
exists that tissue destruction is contributing tetra- 
pyrrols, due to intracellular breakdown since all 
cells contain the ferroprotoporphyrin ring. 

6 The method used in this work measures both ster- 
cobilinogen and mesobilirubinogen and the result of the 
determination is expressed in terms of urobilinogen. 
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In Group I there were three instances in which 
fecal urobilinogen was considered to be increased 
as evaluated by the hemol}rtic index. In t\vo of 
these the increase occurred in the first week and 
was associated with a marked drop in the hemo¬ 
globin and increased hemolytic index. We have 
interpreted this to mean excessive hemolysis. 
Neither of these patients received transfusions on 
admission. J. B. (Figure 1), 4 per cent third de¬ 
gree bums, illustrates an example of this response". 
Laboratory studies indicated a sharp rise in the 
fecal urobilinogen and a fall in the total circulating 
hemoglobin of 122 Gm. The hemolytic index 
increased from 3.8 to 37.4, later returning to 
within the accepted normal range of 11 to 21. 

In a patient with 35 per cent second degree bum 
(C. W.) there was evidence of a definite hemolj’tic 
phase. It would appear, therefore, that hemolysis 
is not entirely a question of the depth of bum. 

In two instances in Group I there is a different 
response. A. D. (Figure 2) with 1.5 per cent 

16 

HEMOGLOBIN 
GM PER CENT, 

14 


third degree bum, was given a total of 430 Gm. 
of hemoglobin shortly after admission raising her 
total circulating hemoglobin from 523 Gm. to 896 
Gm., an increase of approximately 72 per cent. 
This gave rise to an “artificial” polycythemia. 
Interestingly enough, she did not show any ex¬ 
cessive hemolysis as judged by the fecal urobilin¬ 
ogen studies. The hemolytic index of 10 was 
normal, but there was a moderate rise in the total 
serum bilimbin. The interpretation of this dis¬ 
crepancy is somewhat difficult. A possible ex¬ 
planation of this may be due to the difficult)' in 
stool collection in this patient. It is noted that the 
fecal urobih'nogen covers a period of eight days, 
w'hereas if the total amount of urobilinogen ex¬ 
creted during this period were computed on a 
three day basis, which it more nearly represents, 
the concentration of fecal urobilinogen in mg. per 
day would be correspondingly higher, and thus the 
hemol)'tic index. In addition as it has been pointed 
out by Ham and his associates (4), thermal 


id 

SERUM BIURUEIN 
MG PER CENT 
TOTAL 
ONE MlflUTE 


URINE 

UROBIUNOGEN OLS] 
MG PER DAY 



FECAL 

UROBILINOGEN BCj 
MG PER DAY 


”20 ST JO 
AFTER BURN 

Fig. 1. O- B.) 

The graph demonstrates a drop in hemoglobin with a concomitant rise in the fecal uro 
and hemolytic index. Serum bilirubin and urine urobilinogen were uncha.nged. After 
day oral aurcomycin was admi.nistcred. bTote the marked diminution in fecal urc 
output, without significant change in the urine urobninogen. The hemolytic Lndex 
25th day v.-as at the lower limit cf normal and suggests decreased brcakdc-a-n cf heme ' 
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Fig. 2. (A. D.) 

This patient was given 430 Gm. of hemoglobin as 
red cells in the first three days after admission. An arti¬ 
ficial polycythemia was produced, but she did not exhibit 
any increase in the hemolytic index or fecal urobilinogen. 
On the third post burn day, however, the urine urobilin¬ 
ogen was increased, and there was a rise in the total 
serum bilirubin on the second day. Increased urine uro¬ 
bilinogen in the presence of a normal fecal urobilinogen 
suggests impairment of the ability of the liver to properly 
handle reabsorbed urobilinogen. 

trauma leads to red cells potentially more fragile 
to osmotic and mechanical influences. The trans¬ 
fusion in this patient could give rise to two popula¬ 
tions of red cells, the patient's, which are potentially 
subject to hemolysis, and the transfused cells, not 
fragile. At the same time the total circulating he¬ 
moglobin would have been raised. Hence on the 
basis of these speculations, if the hemolytic index 
were recalculated using the initial total circulating 
hemoglobin (prior to transfusion), the fecal uro¬ 
bilinogen on a three day basis, the index would 
have been 40. This of course fits well with the 
other findings of increased indirect serum bilirubin, 
and the data on the subsequent patients. The other 


patient who showed a difTcrent response was a 
youth of 10 years with a 4 per cent third degree 
burn. Although blood volume studies were not 
done, lie did not show a significant rise in the 
fecal urobilinogen until (he lOih day, when the 
fecal urobilinogen rose to 165 mg. per day. 

In Group II are those with third degree bums 
covering from 11 to 20 per cent of the body sur¬ 
face. The fecal urobilinogen studies are altered 
■by the use of oral or intravenous aureomycin, 
which will be discussed below. 

In the severe group of burns, all of whom ex¬ 
pired, there were marked increases in the fecal 
urobilinogen. Stools could not be collected in all 
instances but in those patients from whom speci¬ 
mens were obtained increases were all greater 
than 500 mg. per day, which is in the accepted 
range of the hemolytic anemias. In one instance, 
we were able to follow a man, F. T. (Figure 3), 
with 30 per cent third degree and 95 per cent total 
bum for a period of 33 days. At no time did his 
fecal urobilinogen return to normal even during 
a period when no transfusions were administered, 
and the hemolytic indices were constantly elevated. 
This indicates in this particular bum that continu¬ 
ous hemolysis played a significant part in the 
mechanism of the anemia. From the graph it 
can be seen that there was a constant and steady 
decline in the hemoglobin value despite multiple 
transfusions. 

Table II gives a composite picture of the chief 
results as regards the fecal urobilinogen. In so 
far as the fecal urobilinogen is concerned, we in¬ 
terpret these data in the following manner. There 
is usually evidence of increased hemoglobin break¬ 
down in third degree burns of less than 7 per cent 
of the body surface. In larger burns there is a 
greatly increased breakdown of hemoglobin as 
judged by the high excretions of fecal urobilinogen. 

The urine urobilinogen appeared to follow a 
fairly distinct pattern in nearly all patients in the 
three groups unless oral aureomycin was adminis¬ 
tered. This consisted of an early rise to abnormal 
values, usually within the first two or three days. 
In the group of severely burned patients this sub¬ 
stance attained very marked concentrations in the 
urine as shown in Table 11. The urine urobilin¬ 
ogen values are tabulated as the highest one ob¬ 
served during hospitalization, and the value ob¬ 
tained on the third day after the burn. Group III 
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enormous increase in the urine urobilinogen immediately after injury and just before death. Despite daily 
transfusions except between the llth and 20th days his hemoglobin dropped steadily, lihcv.-ise during this same 


leriod the fecal urobilinogen remained elevated, and the hemolytic index was continuously increased. 


TABLE n 


Urine and fecal urobilinogen, hemolylic index, and serum bilirubin 



Patient 

Amount of burn 

Urine orobiliaogen 
(.rrg. p<r dcy) 

Fecal urobtlisojea 

Semm bilimbia 

Hcmalyiic 

index 


Third 

degree 

TotaJ 

Highest 

Third day 
post bum 

(nr. ter 
dey) 

Post bum 
day 

B 

Total 

Group I 

c. w. 

0 

35 

18 

18 

300 

6 

0.12 


34.2 

No 


A. D. 

1.5 

33 

5.4 

5.4 

90 

6 

0.2 


10.1 

No 


R.G. 

3.0 

12 

32.0 

11.0 

215 

6 

— 

mgm 

— 

-No 


G. C. 

4.0 

70 

8.2 

1.5 

90 

4 

0.2 

0.8 


No 


J. B. 

4.0 

16.5 

1.2 

OJ 

180 

8 

0.1 

1.1 

37.4 

No 


W. B. 

7.0 

7.0 

20 

3.4 

150 

4 

0.4 

0.85 

49.7 

No 

Group 

A. C. 


22.5 

42 

37.0 



_ 

_ 

— 

No 

II 

B. C. 

Bra 

17.5 

0.2 

0.1 

0.6 

2 

0J2 

4.06 

— 



B. R. 

Bra 

20 

6.0 

6.0 

10.6 

a 

1 

0.16 

0.25 

— 

Ves (I.V.) 


C.T. 

30 

42 

250 

250 

530 


0.2 

2.3 

-w. 

No 


F. T. 

30 

95 

275 

45 

800 


0.6 

1.2 

3T 

No 


J. M. 

3S 

4S 

157 

6.0 

582 

U 

0.4 

1.9 

54 

No 


S. L. 

7 

70 

67 

11 

—1 


1.34 

2.17 


TTo 


Cj. L, 

M 

63 

32 

14 

23t 


4.6 

7-55 


No 


F. J. 

55 

65 

0.15 

0.1 

6.3: 


— 

— 




0. B. 

65 

75 

0.8 

0.7: 



1.7 

5.39 

~ 

Vet 


• Dhrrhc.T incomplete collecuon. 
t Only "SO gm. of feces obtained. 

* No feces first nine days. 

J Feces lost. 
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Fig. 4. (B. C.) 

This demonstrates tlic effect of aureomycin on the fecal urobilinogen from the time 
of admission to the 35th hospital day. Oral aureomycin was not begun until the fifth 
post burn day, and the effect of intravenous aureomycin during the early period is 
equivocal. Note the drop in the hemoglobin and the rise in the scrum bilirubin. 
Hemolytic indices could not be run because of the aureomycin effect. 


patients show the most marked concentrations, but 
elevations are present in all except those receiving 
aureomycin and in one patient with uremia and 
almost complete anuria. Both Figures 2 and 3, are 
representative examples of the changes seen in 
our patients. This increased excretion of uro¬ 
bilinogen in the urine we interpret as evidence of 
early and rather marked hepatic failure, failure to 
properly catabolize the portal blood urobilinogen. 
Hence it appears in the peripheral blood and is 
excreted in the urine. This subject is to be dealt 
with more fully in a later paper. 

One patient in Group I, J. B. (Figure 1) ; two 
patients in Group II, B. R. and B. C. (Figure 4) ; 
and two patients in the severely burned group, 
F. J. and O. B., were given either oral or parenteral 
aureomycin, or both, to observe the effect of this 
antibiotic on the excretion of urobilinogen in the 
urine and stool. 

Briefly, bilirubin derived from hemoglobin is 
reduced by bacteria in the gastro-intestinal tract 
to mesobilirubinogen and stercobilinogen, both 
colorless compounds and conveniently grouped 
together with the name of urobilinogen because of 
an identical chromogenic reaction with Ehrlich’s 


reagent. These are apparently entirely of en¬ 
terogenous origin. Reabsorption of the urobilin¬ 
ogen takes place in the gut, and the liver effec¬ 
tively removes or catabolizes these substances in 
such a manner that only a small amount, up to 3 
mg. per day (actually in our experience only 1.5 
mg. per day), is excreted in the urine. 

Sborov and his associates have already dis¬ 
covered the effects of aureomycin on fecal uro¬ 
bilinogen due to its sterilizing effect on the fecal 
flora (20). Our experience in finding a marked 
reduction is nearly the same as theirs. It is in¬ 
teresting to record, however, that petroleum ether- 
soluble Ehrlich-reacting • substances, presumably 
tetrapyrroles, were still present. These effect's 
with aureomycin ^ are shown graphically in Figures 
1 and 4. 

B. R. (Table 11) who suffered about IS per cent 
third degree bum received both intravenous and 
oral aureomycin from the onset but severe nausea 
and vomiting make it uncertain as to how much 
oral aureomycin was retained. We observed that 

7 The aureomycin for these studies was generously sup¬ 
plied by the Lederle Laboratories Division, American 
Cyanamid Company. 
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no increase of the fecal urobilinogen occurred, but 
a significant rise in urine urobilinogen was evident. 
After aureomycin was stopped, and following a 
transfusion there was a sharp rise in fecal uro¬ 
bilinogen. The patient B. C. (Table II) with 12 
per cent third degree bum, received intravenous 
aureomycin initially with equivocal effect on the 
fecal urobilinogen. After the administration of 
oral aureomycin the amount of Ehrlich-reacting 
substances was less than 5 mg. per day. Likewise 
the urine urobilinogen was exceedingly low giving 
values of 0.1 to 0.2 mg. per day. Four days after 
discontinuing aureomycin the fecal urobilinogen 
rose to values which we have observed commonly 
in the convalescent phase of the moderately burned 
patient. The fecal urobilinogen values were ex¬ 
tremely low in a previous patient discussed (J. B., 
Figure 1), ranging bet\veen 0.6 and 6 mg. per day 
during the time when he was receiving oral 
aureomycin. 

As shown previously there is, in the severe 
group, a marked increase in the fecal urobilinogen, 
but in one patient, F. J., with 55 per cent third 


degree bum who received aureomycin, and in 
whom other evidence of hemolysis was present, we 
observed the fecal urobilinogen did not increase, 
and the amount of Ehrlich-reacting compounds re¬ 
mained essentially the same, i.e.j less than 5 mg. 
per day and usually about 1.2 mg. per day. Like¬ 
wise, the urine urobilinogen in this patient was ex¬ 
tremely low ranging from 0.1 to 0.2 mg. per day. 
These observations naturally raise the question of 
whether the Ehrlich-reacting substance present 
after aureomycin is a urobilinogen, since it is 
rather constant even when the total amount of 
petroleum ether-soluble Ehrlich-reacting com¬ 
pounds varies over a wide range. 

The total urinary coproporphyrin excretion was 
studied in six patients who are in the following 
categories. Two in Group I, three in Group II, 
and one in Group III. Since this determination 
was not begun until late in the study, it does not 
include all patients. There was an increased e.x- 
cretion of total urinary coproporphyrin in all pa¬ 
tients studied, and it did not appear to vary with 
severity of the bum. In four of these, normal 



Fic. 5. (W. B.) 

In this patient fecal urobilinoscn w-as initially Lncreased and intravenous 
aureomycin had no effect on either the fecal or urine urobilinogen excretion. 
Note the increased hemols-tic index with a concomitant drop in hemoglobin. 
.A.ftcr two weeks and during convalescence the hemolj-tic index was low sug¬ 
gesting decreased heme breakdown. 
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DAYS AFTER BURN 
Fig. 6. 


Urine coproporphyrin excretion was increased in six patients who showed 
varying amounts of third degree burns. High initial values were observed in 
two patients, A. C. and J. B. Aureomycin was administered to five of these 
patients with no observable effect on the coproporphyrin excretion, which re¬ 
turned to normal or near normal in five patients as healing was complete. F. J. 
expired on the 19th day. 


values obtained upon admission became greatly 
elevated. In two others the values were greater 
than normal on admission and, therefore, may have 
resulted from some cause other than the burn. But 
in these patients the concentration increases over 
the admission value. Figure 6 shows the com¬ 
posite graph of the urine coproporphyrin in all 
patients. It was noted that in five of these pa¬ 
tients (J. B., B. C, W. B., F. J., B. R.), oral aureo¬ 
mycin had no effect on the coproporphyrin excre¬ 
tion. Isomer analysis was not performed on any 
of these urines so that distribution of types can¬ 
not be determined. It would appear that the ex¬ 
cretion of urinary coproporphyrin is the greatest 


during the convalescent phase and remains ele¬ 
vated until healing is almost complete. 

Our study would make it appear that in the 
severely burned patient hemolysis must always be 
considered in the evaluation of the anemia and in 
the treatment of the early postburn phase. Even 
in the less severely burned patient hemolysis takes 
place. Brooks and his colleagues have demon¬ 
strated sludging of the red cells with subsequent 
agglutination and phagocytosis (21). Red cell 
destruction is associated with the opening of the 
porphyrin ring and subsequent degradation of he¬ 
moglobin to open chain tetrapyrroles. In our pa¬ 
tients the drop in hemoglobin, the rise in hemolytic 
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index, and often a rise in the indirect type of serum 
bilirubin are other experimental data to support 
this concept. In one severely burned patient there 
was evidence of hemolysis from admission to de¬ 
mise 32 days later. 

In the study of the bum patient during convales¬ 
cence and grafting, the ratio of the fecal urobilin¬ 
ogen to the total circulating hemoglobin would 
seem to point to decreased hemolytic activity, which 
may result from decreased hemoglobin synthesis. 
Actually the hemolytic index is lowered (W. B., 
Figure 5). Increased coproporphyrin excretion 
may also be a reflection of a disturbance in hemo¬ 
globin synthesis. 

The synthesis component of the anemia of bums 
has been very thoroughly discussed by Moore and 
his associates (1) and they have used the method 
of estimating the uptake of radioactive iron as a 
guide in evaluating the marrow depression. One 
study showing a low fecal urobilinogen excretion, 
and hence hemoglobin catabolism, with low he¬ 
molytic indices in the convalescent phase, sug¬ 
gests a decreased breakdown (Figure 5). We be¬ 
lieve that one of the most important factors in the 
apparent marrow depression is the presence of bac¬ 
terial growth on the burned area. The urinary 
coproporphyrin studies during the convalescent 
phase may favor this idea. However, the urinary 
coproporphyrin findings may be evidence of liver 
malfunction. 

Moore and his colleagues (1) described in¬ 
creases in urine urobilinogen in their patients, 
and our data is in agreement with their work. 
We interpret differently the increased quantity of 
urine urobilinogen even though there is an in¬ 
creased amount of fecal urobilinogen in the stool. 
The level of the urinary urobilinogen is probably a 
verj’^ sensitive inde.x of liver cell function. In 
bums, what we are measuring by the urobilinogen 
excretion is not only evidence of hemolysis but also 
impairment of the ability of the liver to properly 
catabolize the increased amounts of this substance. 

The present studies would seem to answer the 
question concerning the occurrence of hemolysis. 
We believe that hemolysis occurs e.xtensively, par¬ 
ticularly in the large bum, and must always be 
reckoned with in cmluating these patients. This 
study has not answered the second question entirely 
to our satisfaction. A continuous investigation of 
heme catabolism shows us there is a decreased 


breakdown of heme products during the convales¬ 
cent phase of bums. It gives us very' little insight 
into the mechanisms involved in this process. In 
severely burned patients, during the long convales¬ 
cent phase there may be considerable hemolysis 
taking place as evidenced by an increased hemo¬ 
lytic index and an increased fecal urobih'nogen. 
Increased breakdown coupled with a depressed 
bone marrow would make the anemia more severe. 
As our work has indicated in one patient, in spite 
of a repeated transfusion, anemia progressed 
rapidly. 

No conclusion can be dra%vn about the effect of 
aureomycin as far as anemia of thermal bums is 
concerned, but we might draw some interesting 
speculation about urobilinogen metabolism and 
Ehrlich-reacting substances in the feces in patients 
who are receiving oral aureomycin. It would ap¬ 
pear that aureomycin can effectively sterilize the 
gastro-intestinal tract, so that at least the main re¬ 
duction agents of bih'rubin are inhibited to such an 
extent that little or no reduction of bilirubin oc¬ 
curs. We, nevertheless, consistently found in the 
feces a small amount of Ehrlich-reacting sub¬ 
stances. Whether these small quantities are sepa¬ 
rate and entirely different compounds from uro¬ 
bilinogen we are unable to say. We are tempted 
to think they may be other substances since, in pa¬ 
tients in whom we expect large increases of uro¬ 
bilinogen, the detectible quantity of these com¬ 
pounds remains almost the same as that in patients 
who are excreting only an expected small amount 
of urobilinogen. 

CONCLUSIONS 

1. Hemolysis, as judged by fecal urobilinogen 
e.xcretion compared to total circulating hemoglobin, 
occurs in bums of all degrees. It is very great in 
third decree bums of more than 20 per cent. 

2. There is usually a constant increase in the 
urinary urobilinogen noted on the third day after 
injury and this probably denotes early hepatic 
dysfunction and inability to properly catabolize an 
increased amount of urobilinogen. 

3. Oral aureomycin effectively reduces the fe¬ 
cal and urinary urobilinogen to very small r.rr.ounts. 
It is questioned whether the petro!e;im ether- 
soluble Ehrlich-reacting substances found after 
oral aureomycin ad.ministration arc urcbilincgens 
or whether they arc cnti.-cly different compounds. 
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4. Additional evidence is presented to show 
that the anemia of thermal bums is at first hemo¬ 
lytic, then dyshemopoietic. 
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In a previous communication it was demon¬ 
strated that an increased excretion of ur ine uro - 
bilinogen was an early and constant finding in 
thermal injury even in bums of a relatively small 
amount of third degree (1). Since this particular 
finding was interpreted by us as a manifestation 
of hepatic injury, we undertook the further study 
of certain liver function tests in burned patients, 
none of whom received sulfonamides, tannic acid 
or other escharing therapy. 

Bardeen published a review of the pathology' of 
severe bums in 1899 and noted at that time changes 
in the liver and the kidnej;^(2). Wolff, Elkinton 
and Rhoads demonstrated in three bum patients 
B.S.P. retention, slight icterus, and a decreased 
glucose tolerance as well as a decreased hippuric 
acid excretion test for liver function (3), and 
Boyce records similar obsen'ations and remarks 
upon the manifestation of j aundice in 65 per cen t 
of the bum patients reported bv him (4). 

The histopathology of liver changes from 21 to 
57 hours after injury has been desc ribed as fatty 
m etamorphosis o f the epithelial cells in the cen¬ 
tral zone of the hepatic lobules, and nuclear dam¬ 
age, especially kaiyolysis. After 57 hours there is 
slight enlargement, the liver is lighter yellow, 
greasy, friable, and has ven ous conges tion of the 
“nutmeg" ty'pe. In addition there is evidence of 
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degen eration and necrosis (5). It was believed 
that the central rather than the peripheral zone 
was first affected, Gillman and Gillman examined 
the livers of 38 patients dying nithin one hour and 
up to 36 days after bums and showed fatty changes 
a nd atrophy of the cells in the central zone. 
Eight days seemed to be necessary for the devel¬ 
opment of a very fatty live r, and it would appear 
that tannic acid intensified the tendency toward 
necrosis, which they believe present in some pa¬ 
tients with bums. However, the maiorih' of the 
microsco pic liver changex -ivere insufficient to ac¬ 
count for a fatal termination. Th ev concluded that 
if the liver contributed to death it did so through 
altered biochemical effects. It was the opinion of' 
some that tannic add therapy was responsible for 
predpitating liver damage (6) and the liver d am- 
age from tannic add was centraljn_character_(7). 
Duffin reports an autopsied ca se with severe liver 
failur e. (8). He patic necrosis bv his standa rd oc¬ 
curred in only six patients. Baker made an analy¬ 
sis of 87 autopsied bums on whom liver sections 
were available. In 56 death occurred before the 
sixth day. In only three of these was necrosis 
suffident to involve nearly one-half the liver lobule, 
and all of these succumbed on the eighth day after 
burning. None received tannic acid. He con¬ 
cludes that minimal hepatic necrosis may appar¬ 
ently be caused by bums. Histologically demon- 
stra blc fat was fr equently seen in those paticnts_ 
dying in the first 24 hours, and in'those dying 
after four sveeks. He concludes that necrosis of' 
the liver is not a lesio n characteristic of k-”tTis (9). 

Hartmann and Romcnce studied liver dsm.-'.ge 
in dogs and found gross enlargement o; b''/.b, the 
liver and spleen (10). In acute cxperi.m.er.ts of 
four to ten days, histopathology dtm,'>r.s!rr.trd 
hepatic lesions ranging from markmi congestion 
of the sinusoids and corr.prc.'sion of the liver cerd' 
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to varying amounts of granular, vascular, and fatty 
degeneration. Central necrosis occurred in eight 
to ten days, and liver function was depressed. 

.They did not find the picture of acute liver insuffi¬ 
ciency. Belt (11) believes the fiver necrosis fol¬ 
lowing burns simu lates the lesions of yellow fever 
and ^escrib ed Councilman bodies and nuclear in¬ 
clusion bodies. His patients had tannic acid treat¬ 
ment. 

METHODS AND MATERIALS 

Fifteen burn patients admitted to tlic Burn Service of 
tlie Department of Surgery of the Medical College of 
Virginia were selected for study. The majority of the 
bums were usually of the free fire type from kerosene 
explosions on wood stoves or blazing clothing. Blood 
for liver function tests was taken on admission and re¬ 
peated at intervals during the course of the treatment. 
In some instances only one set of determinations could 
be obtained because of early demise or difliculty in ob¬ 
taining blood. Treatment in all cases was essentially the 
same and employing pressure bandages without debride¬ 
ment. Parenteral antibiotics, whole blood and replace¬ 
ment fluid therapy were used as needed clinically. No 
tannic acid, escharing agent, or sulfonamides were em¬ 
ployed. In some instances the patients during the course 
of study were on a special liquid diet providing 100 Gm. 
of protein, with sufficient fat and carbohydrate to give 
an average of 45 Calorics per kilogram, and vitamin sup¬ 
plements as recommended by the National Research 
Council. 

The following liver function tests were performed: 

^ Bromsulfalein retention using 5 mg, per kilogram and 
taking a 45 minute sample (12) ; cephalin-cholesterol 
flocculation at the modified pH of 7.4 (13) ; thjnnol tur¬ 


bidity (14); prothrombin time employing the one stage 
method of Quick (15); total protei n a nd albumin-globu- 
lin ratio (16) ; the scrum bilirubin employing the Ducci- 
Watson modification of the Malloy and Evelyn tech¬ 
nique (17); and the quantitative urine urobilinogen (18). 

As in a previous study the patients were separated into 
three clinical groups on the basis of the amount of surface 
area involved by third degree burn. There were five 
patients in Group I who had burns of from 0 to 11 per cent 
third degree; three in Group II, 12-20 per cent; and 
seven whose burns were greater than 21 per cent in 
Group III. 

Autopsy material wais obtained on five of the six pa¬ 
tients in Group III, all of whom expired. 

RESULTS AND DISCUSSION 

Table I gives the composite results of the liver 
function tests on all 15 patients as performed 
within the first ten days (usually within the first 
five days) after the bum. The most constant find¬ 
ing is an incr eased amount of urobilinogen in the 
urine, which in one instance reached as high as 
75 mg. per day. 

In the five patients who had less than 10 per 
cent third degree bums we see there was bromsul- 
falcin retention of greater than 20 per cent in two 
of the three patients in whom this test was per¬ 
formed. In four of the five patients there was an 
elevation of the thym ol turbidity test to greater 
than four units which is considered the upper limit 
of normal in our laboratory. Two of the four pa¬ 
tients in whom the cephalin-cholesterol fioccula- 


TABLE I 

Composite table of liver function studies 



Patient 

Affe 

Sex 

B.S.P. 

retention 

Ccphalin 

floccula¬ 

tion 

Tliymo! 

turbidity 

Pro¬ 

thrombin 

concen¬ 

tration 

Urine 

urobiii- 

nogen 

Total 

protein 

Albumin 

Globulin 

Albumin 

globulin 

ratio 

Serum bilirubin 

1 min. 

total 

Group 

I 

J. B. 

C. W, 
W. B. 
G. C. 
A. D. 

35 

17 

11 

10 

13 

M 

M 

M 

M 

F 

per cent 
21 

2.7 

32 


units 

7 

6 

7 

4 

2 

per cent 

75 

43 

60 

mt. 

Per day 
1.2 
17.0 
5.2 
3.8 
6.1 

Gm. 
per cent 

5.8 

5.9 
6.95 
4.8 

6.4 

Gm. 
per cent 

2.75 

3.7 

3.1 

2.6 

3.1 

ESI 

Hi 

0.87 

1.68 

0.80 

1.18 

0.94 

ms* 

f>er cent 
0.02 
0.24 
0.4 
0.25 
0.07 

ms. 

per cent 

0.40 

2.52 

0.85 

0.45 

2.45 

Group 

II 

B. C. 
B. R. 
A. C. 

60 

IS 

19 

M 

M 

M 

23 

7.9 

19 

3 

3 

0 

5 

3 

6 

. 

19 

60 

43 

0.1 

6.0 

40.0 

6.0 

6.15 

7.25 

3,4 

2.84 

4.0 

3.6 

3.21 

3.25 

0.90 

0.88 

1.23 

0.32 

0.16 

4.06 

0.23 

Group 

III 

0. B. 
G. L. 
S. L. 

F. J. 

C. T. 
F. T, 

29 

19 

57 

20 

31 

31 

F 

F 

F 

F 

M 

M 

48 

18 

28 

31 

52.8 

19.0 

0 

1 

3 

3 

4 

4 

n 

43 

75 

33 

0.18 

32 

65 

250 

274 

5.8 

5.9 

6.7 

4.8 

5.5 

4.3 

2.3 

3.3 

2.8 

2.05 

3.1 

2.4 

3.5 

2.6 

3.9 
2.75 
2.4 

1.9 

0.66 

1.27 

0.71 

0.74 

1.29 

1.26 

1.7 

4.6 

1.34 

9.02 

0.7 

5.39 

7.55 

2.17 

13.85 » 
1.2 
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TABLE U 

J. B., -V. M., 33, 4 per cent third degree burn 


Date 

Days 

post¬ 

bum 

E.S,P. 

retention 

1 

Cephalin 

1 

Thymol 

] 

Prothrombin' 
concentra- i 
tion 

Total 

r 1 

\ \ 

\ ; 

j -•Mbumin ' 

1 1 

! 1 

1 j ^ 

m bilirubin | 

A/G ratio 

flocoilationj 

turbidity 

I protein 

‘ 1 1 min. 

1 f 

' 1 

{ total 



per cent 


umis 

1 per cent 

jGm.per uni 

Gm. cenl Gm. per cenl^^rng. per cent mg. p^r cent 


10-26 

1 

12 


I 

m 

6.58 i 

1 3.87 1 

2.71 ( 0.12 

1 1-05 

1.43 

10-27 

2 





1 5.37 i 

3.10 1 

2.17 0.07 

1 0.71 ! 

1.43 

10-28 

3 




T5 

5.58 

2.75 ; 

2.83 ! 

; J 

0.97 

11-1 

7 

i 14.4 

j 

' 5 

100 

5.8 

2.71 i 

3.09 ■ 0.11 

. 0.40 , 

0.87 

11-3 

9 






i 

' 0.11 

; 0.18 1 


11-4 

10 

21.3 

3' 

7 

73 

6.14 i 

3.35 i 

2.79 •; 

1 

1.20 

11-7 1 

13 



1 

! 


1 

0.02 

' 0.30 i 


11-10 ! 

16 







1 O.OI 

, 0.46 


11-12 

18 

19 


1 

73 I 

i 6.10 

2.58 ' 

3.52 ! 

1 

0.73 

11-17 

23 






1 

i 0.02 

. 0.12 •' 


11-19 

25 


1 

2 

SO ' 

6.50 ' 

3.6 

2.1 ’ 0.07 

' 0.46 

1.16 

11-23 

29 

5.4 



i 

! 

' ' 

0.05 

1.03 ' 


11-28 

35 


1 

2.5 

60 i 

6.24 : 

3.1 ) 

3.14 

> 1 

0.98 

11-30 

37 






j i 

' 0.18 

j 0.55 


12-1 

38 

22.8 




! 

i 1 

i 0.14 

' 0.56 ; 


12-3 

40 



2 

73 

5.6 

, 2.84 ' 

2.76 > 


1.03 

12-8 

45 

25.0 





j 

; 0.15 

i 0.71 1 


12-10 

47 

1 

2 

60 

5.6 

2.6 

3.0 ! 

‘ 

0.86 

12-15 

52 

t 




1 

! O.IO 

' 0.28 i 


12-16 

53 

10.9 





f > 

t 

‘ ! 


12-17 

54 



2 

38 

6.20 

3.35 ' 

2.85 * 

) : 

1.17 

12-22 

59 

4.6 


3 

60 

I 5.8 

2.84 

2.96 i o.n 

0.56 ! 

1.15 


tion tests were done showed elevated values. Total 
serum proteins were slightly lowered in all e-v- 
cept one of these patients, and the albumin-globu¬ 
lin ratios were decreased. 

In one patient wbo was followed for a period 
of about 60 days, and whose protocol is shown in 
Table II we see a constant bromsulfalein retention 
until the time of complete healing. Cephalin 
flocculation, and thymol turbidit\- were increased 
at first, but the thymol turbidity was not abnomial 
after the tenth post-burn day. In this instance re¬ 
peated determination of the serum bilirubin was 
normal, and the urine urobilinogen e.xcretion did 
not become abnormal at any time, but the urinar}- 
coproporphyrin was definitely elevated until just 
before complete healing was accomplished and the 
patient discharged. The total protein data show ed 
an initial low normal total protein uilh a normal 
ratio of albumin and globulin, but by the seventh 
day the albumin fraction had decreased so that 
the globulin wa.s now greater, and there remained 
a disturbance of thi.- ratio for the next 40 da\.', 
<lc.'])ite an adetjuate i)rotcin int.ake of over 100 Gm 
per day with a caloric intake of 45 Calorie.'; per kilo¬ 
gram. Identical ch.ange> in the total imotcin and a!- 
buinin-glulnilin ratio- were observed in the three 


other patients in this group. The only patient v.dio 
did not show the reversal of the A.'G ratio and no 
decrease in the total protein was a hot* with a 35 
per cent first and second degree burn. He also 
did not show any change in the B.S.P. retention. 

In three patients (Table Ij who had greater 
than 10 per cent third degree burn, but less than 
20 per cent burn, all showed B..S.P, retention, but 
in one of them it was only 7.9 per cemt. The 
cephalin flocculation was abnormal in two patient- 
but the changes in the thymol turbidiU' were not 
marked. Two itatients received atircomycin and 
in one the urine urobilinogen c.\cretif;n was modi¬ 
fied by thi- drug. The other. B. K.. had an in- 
crea-«cd e.xcretion of urinary urobilinogen jirob- 
abU because severe nau=ea aitd vomiting ])re- 
vented retention of the oral aureonr. cin. 'falde 
I givci the other data collected for the-e three 


■ Tl-,c-c il.ua I'.aM l-m [irt-ceat-i tU'vUi-.rt (!) 
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lAtii.i: in 

B. C., ir. .1/., (ifi, 11.5 f>rr rrnt third dryji-r hunt 


D.ite 

Days 

post¬ 

burn 

H.s.l’. 

retention 

Ccplialin 

lliK'cnl.ttion 

Thvmol 

turbidity 

I’totbtotnbin 

rnniTiitra 

Iota* 

i 

> 

i 

j .Mbiindn 

i 

1 

1 (;lol)iilin 

! 1 .‘'ernin 

! ! 

1 .\/(; r.Ttio'--- -- 

1 

Inliriii in 







1 

i 

1 

, Irnin. 

1 

IoI.tI 







(hti. 

1 C.m, 

/ Gt'i. 


fnc. 

tnc. 



/irr ten! 



/•(•r ftr.t 

/*f*r CfiM 

t-fT entt 

j t'fr rrftl 


[•/■r rntt 

per (cut 

12-9-49 

0 



5 

75 

6.1 

4.4 

t 1.7 

2.58 

0.3 

1.95 

12-10 

I 

22.3 

0 


60 

6.0 

I 3.4 

3.6 

0.9 

0,32 

4.06 

12-12 

3 


A ^ 

2 

50 


1 



0,91 

2.89 

12-15 

6 

23,1 




4.8 

i 3.1 

1.7 

1.82 



12-16 

7 






1 



0.12 

0.65 

12-17 

s 


0 


27 

5,2 

2.81 

2.36 

1.2 



12-20 

11 




100 




1 



12-22 

13 

13.2 

0 

A 

60 

4.6 


2.3 

1.0 

O.OS 

0.80 

12-27 

18 


0 

2 

50 

5.0 

1.6 

3.4 

0.47 



12-30 

21 

12.2 










1-4-50 

26 




100 

5.6 

1.7 

3.95 

0.43 



1-7 

29 

2.79 








0.05 

0.22 

1-9 

31 



4.7 








l-IO 

32 


0 









1-30 

52 


0 

9.0 

60 

6.63 

2.85 

3.78 

0.75 



2-9 

62 


0 

9.5 

100 

5.4 

2.6 

2.8 

0.93 



2-21 

74 





6.45 

3.2 

3.2 

1.0 



3-15 

96 


0 

7.0 


6.39 

2.5 

3.89 

0.64 



3-28 

109 





,•>./.■> 

3.0 

2.73 

1.10 



4-7 

119 


2 * 

8.0 

100 

6.18 

3.3 

2.8 

1.18 



4-19 

130 





6.97 






4-24 

135 





5.36 

3.58 

1.78 

2.05 




rum protein. Even at 96 cla 3 's foilowing the burn 
total serum proteins were still abnormal. The 
same changes were observed in two other patients, 
both of whom had adequate dietary intake. 

In six patients who had burns of greater than 20 
per cent third degree the changes in the liver func¬ 
tion were seemingly much more marked. All pa¬ 
tients had a marked retention of the B.S.P. dye. 
In all except two the cephalin flocculation was 
three plus or greater and there was a marked in¬ 
crease in the urine urobilinogen in all except one 
(O. B.) who developed severe oliguria and uremia. 
Four patients developed jaundice and five showed 
significant increases in the one minute fraction of 
the bilirubin determination. One man in this 
group was followed for a period of 32 days before 
his death and he developed outstanding changes in 
the total protein and albumin-globulin ratio. The 
albumin fraction remained for long periods around 
1 Gm. and the total protein slightly over 5 Gm. per 
cent. These data are presented in Table IV. 
Electrophoretic studies of the serum proteins were 
performed on manj' of the patients reported in this 
paper. Changes were evident in all the protein 
fractions. This work is to be reported elsewhere 
(19). 


In all third degree burns from the small to the 
most extensive there appears to be involvement of 
the functional state of the liver as judged by the 
usual liver function tests. It is suggested by our 
data that the more extensive the burn the greater 
the functional damage. 

All of our patients who had more than the 20 per 
cent third degree burn succumbed and autopsies 
were performed on five of the six. The autopsy 
material demonstrated pathologic changes in the 


TABLE IV 

K T., W. M., 32, 30 per cent third degree burn 


Date 

Days 
post burn 

Total 

protein 

Albumin 

Globulin 

A/G ratio 



Gm. 

Cm. 

Gm. 




per cent 

per cent 

per cent 


9-22 

0 




2.0 

9-23 

1 

4.8 

3.2 

1.6 

9-24 

2 

4.7 

2.9 

1.8 

1.61 

9-25 

3 

3.6 




9-26 

4 

5.0 



1.26 

9-27 

5 

4.3 

2.4 

1.9 

1-4 

12 

5.1 

1.3 

3.8 

0.33 

1-7 

15 

5.1 

1.1 

4.0 

0.37 

l-Il 

19 

5.2 

1.0 

4.5 

0.22 

1-14 

. 21 

5.5 

1.7 

3.8 

0.44 

1-15 

22 

4.9 

1.7 

3.8 

0.44 

1-18 

25 

6.2 

2.9 

3.3 

0.88 

1-28 

35 

4.8 

2.4 

2.4 

1.00 
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livers of all the patients who died. There did not 
appear to be any definite pattern of pathologic al¬ 
teration. In one man, F. T., with 30 per cent 
third degree and 95 per cent total bum who lived 
for 32 days the histolo gy of the liv er showed cen- 
t ral vein chang es, with sinusoidal cong estion air9 
generalized cloud y sw elling and fat deposition more, 
marked in the peripheral zones of the liver lobule. 
Many of the von Kupfer cells contained yellowish 
pigment, slightly granular in quality, which might 
be iron. These changes may be seen in Figures 1 
and la. In another, O. B., a 29 3 -ear old negro fe¬ 
male with 65 per cent third degree, there was a 
marked central congestion, degeneration, and ne¬ 
crosis, with an accumulation of pol 3 -morphonuclear 
neutrophiles in this area. As in F. T., 3 -ellowish 
brown pigment was prominent in the von Kupfer 
cells. In the areas of necrosis were observed 
macrophages with eosinophilic cytoplasm, and in 
the midzonal regions in addition to polymorpho¬ 
nuclear infiltration there were accumulations of 
lymphocytes with macrophages which appeared to 
be erythrophagoc 3 -tic. Figures 2 and 2a show these 
changes. In another patient, G. L., a 51 per cent 
third degree, there were changes showing sinusoidal 
congestion, cloudy swelling, and minimal fatty de¬ 
generation in the central vein area. There ap¬ 
peared to be some increase in lymphoc}-tes in the 
portal area. No focal necrosis was seen. The 
von Kupfer cells in some places appeared promi¬ 
nent. Figures 3 and 3a show the pathological 
changes. 

That these changes occur early is indicated by 
the last two cases described. Both patients had 
severe burns and lived five and four days respec¬ 
tively. The necropsies were done within five hours 
post-mortem. The [)ossibility that the changes 
observed were due to post-mortem autolvsis 
unlikely. 

The weights and gross appearance of the liv< 
is recorded in Table \ . Generally there was n( 
much to be observed from the gross specimen 
other than slight enlargement. Gros s fatty cha nm 
were iiot i)romigient. 

It vonid apjicar from these ol)ser%-ations That i 
addition to changes in liver function te.-t^. thej 
are histnj)athological changes in the liver. X 
correlatifpii e.xist.-, and wc h.ave no biopsy dal 
on the less severe burns. The mechanism bv wine 


TABLE V 


Patient 

Amount 
of third 
degree 

Hours 

post¬ 

mortem 

Weight 

Description 

F. T. 

30 

12 

2350 

External surface smooth. 

W. M.. 30 

J. M. 

38 

29 

I.EOO 

edges rounded, reddish- 
brown in color. Cut sur¬ 
face bleeds easily. 

Firm, smooth. light bro'.^■n 

N. M.. 84 

G. L. 

3I 

[ 5 ! 

I.S70 

in color. Few pale areas 
in parenchyrna- 
filuish red. firm con- 

X. F.. 19 

F. J. 

55 

! 

1 15 

1325 ! 

siztency; internal architec¬ 
ture and ^■ascular mark¬ 
ings prominent. 

Surface pale yellowi'h and 

N. F.. 20 

O. B. 

63 1 

2 

I.S40 

smooth; cut parenchymal 
surface bulges; lobular 
pattern distinct and gen¬ 
erally yellowish color. 

Cut suriace is fatty, bulges; 

N. F.. 29 

1 

f 

1 


congestion in the center 02 
the lobule. 


these changes were produced is not evident, but 
speculation leads us to wonder about the absorption 
of products of tissue disintegration from the burned 
surface. Shock was prevented and we have no 
reason to believe that there was a diminution of 
blood flow to the liver to produce these changes. 
Hourly urine output was good and was u.sed as an 
inde.v of renal blood flow. Certainly the greater 
the amount of third degree bum the more marked 
were the changes in liver function. We would 
tend to agree with the statements of Gillman and 
Giilman (5). that if the liver plays a part in cau.s- 
ing the death of the burned individual it does so at 
a l evel where fundamental biochemi cal proces-es 


invol ving protein synthesis, detoxification, anrl I 



The finding of erythrophagoevtosis in one patient 


suggests that mechanism may play a jiart in the 
anemia of thermal bums. 

The earl}- appearance of change.'- in liver func¬ 
tion suggests the advi.':ability of initiating im¬ 
mediate preventive therapy again.'^t liver damage 



196 


n. WATSON jANfi:s, in. olivf.u .1, I'Nknkll, and cvkrktt r, kvans 



I'lG. ] 



Fig. la 

Figures 1 and la are taken of liver sections from patient F. T. wlio had 50 pci cent 
third degree and 95 per cent total burn. Note the generalized cloudy swelling, smu 
soidal congestion, and the fatty infiltration and fat lobules in the portal areas. lerc 
was marked urine urobilinogen excretion just prior to death. 
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Fig. 3a 


Figures 3 and 3a are from the liver sections of G. L. who suffered a 51 per cent 
third degree burn. There is sinusoidal congestion, cloudy swelling, and^ minimal 
fattj’ degeneration in the central vein areas. No focal necrosis was observed. 
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Two of the patients wer e on diets which provid ed 
very higii orotc in and car bohydrate intakc .s with 
nract icallv tioj' at. Milk jirotein and milk products 
formed the base of the diets and vitamin supple¬ 
ments were given in the fpiantities recommended 
by the National Research Council. The patients 
on this regime still manifested marked changes in 
the albumin-globniin ratio and in the B.S.P. re¬ 
tention as well as in tlie other liver function tests 
employed. W'c might speculate that this apparent 
disturbance in protein synthesis and/or excessive 
albumin loss probably has some part in the anemia 
of thermal injury through impaired globin synthe¬ 
sis. 

Minor to extensive third degree burns show 
early i mnairment of the liver function as judged 
by changes in the liver function tests e mnloved in 
this study. The more severe the burn the greater 
the amount of change in liver function.. 

One of the "most constant changes was the in¬ 
crease in urine urobilinogen excretion and altera¬ 
tions in t he albumin-globulin ratio, both considered 
to be sensitive evidences of liver function. 

Autopsy material on five fatal burns showed no 
constant histopathological change, but there was 
evidence of fatty infiltration, cloudy' swelling, in¬ 
creased pigments in the reticulo-endothelial cells, 
focal necrosis, and congestion in the liver substance. 

More study is necessary to understand the 
mechanism whereby liver function failure occurs 
and attention should be directed at the prevention, 
as well as treatment, of liver dysfunction in severe 
burns. 
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INTRODUCTION 

An effect of steroidal liorniones upon cerehral 
metabolism was suggested by .Sclyc's (I) observa¬ 
tion that steroids possess anesthetic properties 
when administered to eNperiinental animals. Gor- 
dan and Elliott (2) subsequently showed that cer¬ 
tain steroids inhibit glucose utilization by rat brain 
in vitro and that their comparative inhibitory ac¬ 
tivity parallels their reported anesthetic potency. 
These observations were confirmed by Hayano, 
Schiller, and Dorfman (3). The iiossibilitv that 
steroidal inhibition of cerebral oxidative proce.s.ses 
may be a physiological occurrence was demon¬ 
strated by Eisenberg, Gordan, and Elliott (4. 5). 
They found that deprivation of gonadal steroids by 
castration produces an increase in the rale of glu¬ 
cose utilization by rat brain and that the in vivo 
administration of testosterone, as well as other 
steroids with the androstene nucleus, jirevents the 
characteristic rise. Desoxycorticosterone was the 
most potent of the steroidal compounds tested. 

Evidence of an in vivo action of steroidal hor¬ 
mones on cerebral functions in man ma)- lie in¬ 
ferred from the observations of Pincus and Hoag- 
land (6-9). In controlled studies, they found that 
the administration of pregnenolone to human sub¬ 
jects results in a significant lowering of fatigue re¬ 
sponses to psychomotor tests. It is of interest that 
euphoria, depression, and exhilaration have been 
reported from the administration of various ster¬ 
oids in man (8-13). 

The known anticonvulsive activity of desoxy¬ 
corticosterone further suggests a steroidal influ¬ 
ence on cerebral processes. Woodbury and Daven- 

1 Aided by a cooperative grant between the National 
Heart Institute and the University of California and a 
grant-in-aid from the Research Committee of the Uni¬ 
versity of California. 

- Schering Fellow in Endocrinology, 19'f9-]9S0. 


port (14) have demon.strated that the lowered 
(‘lectro-shock seizure threshold of adrcnalecto- 
mized animals may be restored to normal levels, 
and that it may be increasetl above norma! in intact 
animals by desoxycorticosterone acetate. In hu¬ 
man e]>ileplic patients, the anticonvulsive activity 
of this steroid has also been demonstrated. Mc- 
Quarrie. Anderson, and Ziegler (15) and Aird 
and Gordan (16) have reported a reduction in the 
frequency of convulsive episodes of epileptic pa¬ 
tients receiving desoxycorticosterone acetate. Des¬ 
oxycorticosterone glucosidc, an active water-solu¬ 
ble ]>reparation of desoxycorticosterone, has been 
shown to reduce the electro-encejihalographic ab¬ 
normalities of c))ileptic patients (16). 

These considerations have stimulated further 
investigation of steroidal activity upon cerebral 
metabolism in man. There is a suitable method, 
the nitrous oxide technique of Kety and Schmidt 
(17, 18), for the determination of cerebral blood 
flow in man. An estimation of the rate of cerebral 
blood flow permits a computation of the rate of 
utilization or production by the brain of any sub¬ 
stance which can be accurately analyzed in blood. 
A steroidal comjiound well adapted for use in 
short-term studies in man is also available in the 
potent, water-soluble desoxycorticosterone gluco- 
side (DCG).® The conjunction of a workable 
method for the estimation of the rate of cerebral 
blood flow and an active, water-soluble steroid has 
made feasible a measurement of steroidal effects on 
the metabolism of the human brain m vivo. 

METHOD 

Cerebral blood flow (CBF) and cerebral metabolic 
rate (CMR) were estimated in IS human subjects by the 
original nitrous oxide method of Kety and Schmidt (17, 

3 The desoxycorticosterone glucoside used in this study 
was generously furnished by Ciba Pharmaceutical Prod¬ 
ucts, Inc., Summit, New Jersey. 
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18). Of the patients studied, seven had no endocrine dis¬ 
ease, one had mild diabetes mellitus controlled by diet 
alone, two had been castrated for prostatic carcinoma, 
one represented Klinefelter’s sj-ndromc with hypoley- 
digism, and four had chromophobe adenomas with sec¬ 
ondary hjTKigonadism. The subjects received no medica¬ 
tions for 24 hours or more before the study and hor¬ 
monal medications had been withheld for the preceding 
two or more weeks. 

Witli the fasting subject supine, needles were inserted 
into the jugular bulb and citlicr the femoral or internal 
carotid artery and connected to heparinized manifolds as 
described by Kety and Schmidt In order to avoid the 
effects of emotional stimuli, as stressed by Scheinberg and 
Stead (19), no further procedures were undertaken un¬ 
til a steady state was achieved as determined by stable 
cardiac rate and blood pressure. In 14 of the 15 patients, 
two determinations of the rate of cerebral blood flow were 
made consecutively. Twenty minutes were allowed to 
elapse after the control determination to permit expira¬ 
tion of nitrous o.xide, and a second blood blank for ni¬ 
trous oxide was obtained in each case. Prior to pro¬ 
ceeding with the second cerebral blood flow determination, 
specimens for control glucose levels of arterial, cerebral 
venous and, in seven cases, peripheral (antecubital) ve¬ 
nous blood were obtained. All of these were drawn si¬ 
multaneously at ty-o-minute intervals until three sepa¬ 
rate sets of control specimens had been obtained. 

Immediately after the third set of control samples for 
glucose determination were taken, SO mgm- of DCG were 
injected intravenously and a second determination of the 
cerebral blood flow was made without delay. Blood sugar 
values were determined on aliquots of the simultane¬ 
ously drawn experimental specimens of arterial and cere¬ 
bral venous blood throughout the procedure for com¬ 
parison with the previously drawn control specimens. 
Following completion of the second cerebral blood flow 
determination, two additional sets of specimens were ob¬ 
tained for analysis of sugar levels at three-minute in¬ 
tervals. When peripheral (antecubital) venous speci¬ 
mens were obtained, they were drawn simultaneously with 
the arterial and cerebral venous specimens. During each 
cerebral blood How determination, arterial and cerebral 
venous oxygen and carbon dioxide content was determined 
upon separate specimens consisting of 5 cc. of blood drawn 
immediately before the first CBF sample and an equal 
amount drawn into the same syringe directly following 
the five-minute CBF specimen. 

Blood oxygen and carbon dioxide analyses were made 
in duplicate by the manometric technique of Van Slyke 
and Neill (20), as modified by Kety and Schmidt (18). 
Blood sugar content was determined by the iodometric 
titration method of Somogyi (21, 22) and yielded results 
reproducible within 1 per cent. In accordance with the 
injunction of Somogyi (23) that, when dealing with 
changes in arterio-venous glucose difference, accurate 
anal 3 ftical methods must be selected and employed with 
meticulous care, all glucose determinations were per¬ 
formed in duplicate by one of us (R.C.B.). Mean arterial 
blood pressure was obtained directly from the femoral or 


carotid artery' by means of an air-damped mercury 
manometer connected to the arterial manifold. Cerebral 
oxygen consumption, cerebral glucose consumption or 
production, and cerebral carbon dio.xide production were 
calculated from the rate of cerebral blood flow by the 
formulae of Kety and Schmidt. 

EXPERIMENTAL DATA 

Experimental data are presented in Table I. 
For each function measured, the mean value and 
the standard deviation of the mean is included. 

Striking and rapid effects were noted upon 
blood sugar levels following administration of 50 
mgm. of DCG. Uniformly, the cerebral venous 
glucose concentration rose significantly—^in eight 
instances above the arterial level—effecting in 13 
of the IS cases a reduction in the cerebral arterio¬ 
venous glucose difference. While the individual 
changes in the arterial and peripheral (antecubital) 
venous blood sugar concentrations were incon¬ 
sistent and not marked, a small, but statistically 
significant (p < 0.01), rise occurred in both the 
mean arterial and the mean antecubital venous 
blood sugar concentrations following the ad¬ 
ministration of DCG. Examples of the glucose 
concentration cun'es are shown in Figures 1 and 
2. It should be noted that the changes in glucose 
concentration occurred without alteration in the 
rate of cerebral blood flow. Figure 3 depicts the 
change in mean cerebral arterio-venous glucose 
difference produced by DCG. This demonstrates 



Frc. 1, Eftect of DCG ox Cerebral Vexous axd Ar¬ 
terial Glucose Coxcextratioxs 
Note that the cerebral venous sugar level rises rapidly 
above the arterial glucose level and remains elevated for 
approximately five minutes. - 



TABLE I 

The effect of desoxycorticosterone glucoside (DCG) on cerebral blood flow and melaboUsm 
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Fig. 2. Effect of DCG o^• Sugar Contekt of Arterial 

AND ON Cerebral and Peripheral Venous Blood 
Note prompt rise of cerebral venous sugar level above 
arterial glucose concentration in contrast to stable periph¬ 
eral venous glucose level. 

an increase of the mean cerebral venous glucose 
concentration above the mean arterial glucose 
concentration after administration of DCG, and, 
in conjunction with the statistically significant 
change in CMRgiacoso is interpreted to indicate 
liberation of glucose from the brain.* 

The mean rates of cerebral blood flow, oxj’gen 
consumption, and carbon dioxide production did 
not change significantly. As previously noted by 
Green and his associates (24), DCG did not alter 
the mean arterial blood pressure or cardiac rate. 
No immediate or subsequent clinical effects were 
apparent. 

DISCUSSION 

These experimental findings lend the support 
of quantitative measurements in man to the thesis 
that steroidal hormones may affect cerebral carbo¬ 
hydrate metabolism. The consistently observed 
increase in cerebral venous glucose concentration, 
with a decrease in the cerebral arterio-venous glu¬ 
cose difference produced by DCG in the absence 
of increased cerebral blood flow, could have re¬ 
sulted from either diminished cerebral utilization 
of glucose, liberation of sugar by the brain, or both. 
An increase in the sugar concentration of the 

■* As performed, the Somogyi method is a measure of 
reducing substance content, almost exclusively monosac¬ 
charides. Subsequent to the preparation of this report, 
we have foimd that the bulk of the reducing substance 
liberated into the cerebral venous blood is non-fermenta- 
ble, and preliminary attempts at identification suggest 
galactose. 


cerebral venous blood above that of arterial blood 
obtained simultaneously indicates liberation of 
sugar by the brain. From these observations alone, 
however, it is not possible to conclude that there is 
not also an alteration of the cerebral utilization of 
glucose. 

From the present data, the mechanism and 
specificity of this effect may be only conjectured. 
Of the several possible sources for the sugar 
liberated from the brain following DCG, a deriva¬ 
tion from intracellular glycogen stores may be 
considered. Kerr and Ghantus (25) have demon¬ 
strated sufficient quantities of glycogen in the 
brains of dogs and rabbits to account for the 
amount of sugar “liberated” following injection 
of DCG. The presence of some endogenous sub¬ 
strate in human brain which can be utilized for 
cerebral oxidative processes in vitro is suggested 
by Elliott, Sutherland, and Boldrey (26). They 
found that the oxygen consumption of slices of 
human cerebral cortex was maintained for a sig¬ 
nificantly longer period in the absence of a glucose 
substrate than was the oxj’gen consumption of 
rat brain, which dropped off rapidly. If this sub¬ 
strate is glycogen, the glycogenolytic potentiality 
of desoxycorticosterone reported by Verzar and 
Wenner (27) would be in harmony with our ob¬ 
servations. 

Other sources must also be considered, among 
them the intracellular and extracellular glucose 



Fig. 3 . Cerebral Arterio-Venous Glucose Deffer- 
ence: Mean Values for 15 Subjects before DCG and 
at the Peak 'Response after DCG 
Positive value before DCG indicates that the arterial 
glucose concentration is higher than the cerebral venous 
glucxJse level (glucose utilization). Negative value after 
DCG indicates that the cerebral venous glucose level ex¬ 
ceeds the arterial concentration (glucose "liberation”). 
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and cerebral galactosides, but data regarding these 
are not yet available. Further studies to c.'ctend 
these observations and their specificity arc in 
progress. 

No significant alteration in the mean CMRo, or 
CMRco,"’^^ observed, indicating that desoxycorti- 
costerone glucoside docs not influence the aerobic 
phase of cerebral energy metabolism as an immedi¬ 
ate general effect, although it may alter the sub¬ 
strate. However, it is interesting that the cerebral 
metabolic rate Avas diminished following adminis¬ 
tration of DCG in all but one ortho-steroidal sub¬ 
ject and that no change or only a slight increase in 
cerebral metabolic rate was apparent in all hypo- 
steroidal subjects. Until the individual groups 
are expanded, it is not possible to establish the sig¬ 
nificance of this observation. In this connection 
it is recognized that the data included in the pres¬ 
ent paper group together observations made upon 
individuals with divergent endocrine states. The 
data suggest that enlargement of the groups may 
eliminate some of the variability due to the lump¬ 
ing together of non-comparable individuals. The 
fact that the standard deviations of the mean in 
this study are somewhat greater than those re¬ 
ported by other workers may, in part, be explained 
on this basis. 

While the arterio-venous sugar difference re¬ 
flected in the cerebral circulation is altered, no 
such change occurs in the peripheral arterio¬ 
venous glucose difference, suggesting the absence 
of an immediate effect of desoxycorticosterone glu¬ 
coside upon the glucose metabolism of the muscu¬ 
lar tissues of the forearm. The small but signifi¬ 
cant rise in the mean arterial glucose concentration 
following administration of DCG might be ac¬ 
counted for by liberation of glucose from other 
sources, possibly the liver. 

SUMMARY 

1. The effects of desoxycorticosterone glucoside 
upon the cerebral utilization of oxygen and glucose 
and the production of carbon dioxide in human 
subjects has been studied by the nitrous oxide 
technique of Kety and Schmidt. 

2. Administration of DCG produced a rise in 
the cerebral venous sugar concentration above 
the arterial level, indicating that this compound 
causes liberation of sugar from the brain. 


3. A small, but significant, increase in arterial 
glucose concentration also occurred, suggesting 
liberation of glucose from other sources, possibly 
the liver. 

4. Preliminary data suggest a different response 
to DCG between individuals with normal and de¬ 
ficient steroidal status, 

5. The mean arterial blood pressure, cardiac 
rale, and rate of cerebral blood flow were not al¬ 
tered by DCG. 
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In a previous paper based on the same stud}’ 
(1), it was shown that the scrum urea concen¬ 
tration of subjects with intact renal function in¬ 
creases with protein consumption. In contrast, 
the serum creatinine concentration in such sub¬ 
jects was shown to be independent of protein con¬ 
sumption (2). It has long been known that en¬ 
dogenous urea excretion increases with the pro¬ 
tein consumed, while the rate of endogenous cre¬ 
atinine excretion has been shown to be relatively 
independent of the amount of protein consumed 
(3). 

Popper and Mandel (4) first utilized the endoge¬ 
nous creatinine clearance in man as a measure of 
the glomerular filtration rate. Steinitz and Tiirk- 
and (5) found a good correspondence between the 
inulin and endogenous creatinine clearances in 
normal subjects. More recently Brod and Sirota 
(6) have studied the endogenous creatinine chro- 
mogen/inulin clearance ratio in man, and con¬ 
cluded that the endogenous creatinine clearance 
corresponds closely to the inulin clearance in nor¬ 
mal subjects. Discrepancies which appear in sub¬ 
jects with renal disease and markedly impaired 
renal function, are not sufficient to affect seri¬ 
ously the clinical value of the test as a general 
indicator of renal competence. This judgment has 
been confirmed by Camara (7), as well as by nu¬ 
merous clinical observations of our own. 

Miller and Dubos (8) showed that creatinine 
is not the only chromogen in human serum that 
produces color in the Jaffe reaction. The ratio of 
such “pseudocreatinine” to creatinine is higher 
in azotemic individuals. Brod and Kotatko (9) 
found that the endogenous creatinine and the inu- 

1 This work, performed in 1945-46, was made possible 
by a grant from the Nutrition Foundation, Inc. 

® Dr. Addis died June 4, 1949. 

s Fellow of the John Simon Guggenheim Memorial 
Foundation. 


lin clearances approach identity only when the 
“true” creatinine clearance is used. They used 
Lloyd’s reagent to adsorb creatinine and deter¬ 
mined the residual “pscudocreatinine” concentra¬ 
tion in the serum. 

Diurnal variations in the endogenous creatinine 
clearance have been studied by Brod (10). He 
found that the endogenous creatinine clearance in 
normal individuals is depressed during the night. 
In a more complete investigation, Sirota, Bald¬ 
win and Villarreal (11) studied diurnal variations 
in renal function of normal male subjects. They 
found no significant difference in the night and 
day values for the endogenous creatinine clear¬ 
ance, except for a slight fall in the period from 
12 Midnight to 4 A.M. These experiments were 
conducted on “routine ward” diets, and no at¬ 
tempt was made to vary or to control at a constant 
level the consumption of protein or of creatinine- 
containing foods. 

Of all renal function tests, the endogenous cre¬ 
atinine clearance is easiest to perform since no 
foreign substance is infused, the serum concen¬ 
tration is constant, and urine collections can be 
made over long periods of time, up to 24 hours, 
thus minimizing the errors in collection. Those 
who have struggled with the methods for perform¬ 
ing inulin determinations realize the relative pre¬ 
cision and simplicity of the creatinine determina¬ 
tion, as modified by Bonsnes and Taussky (12). 
For these reasons it seemed desirable to investigate 
the effect of dietary protein consumption upon the 
endogenous creatinine clearance and its diurnal 
variation, since this matter has not been considered 
in the previous publications. 

A clinical test is of optimal usefulness if its per¬ 
formance is simple. For this reason, because we 
were concerned with the endogenous creatinine 
clearance as an indicator of renal competence 
without regard to the possible analysis of indi- 
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TASLE I 


Diurr.at rariaticn of scrum creatinine concentration in relation to dietary protein consumption in normal male individuals 


Diet 

I 7:IS A.M. 

1 

11:4S A.M. 

1 

4:45 P.M. j 

9:45 P.1L 

g. protein/kc. 

no. obs. 

mg. % 

Stand, dev, 
mean 

no. obs. 

rag. % 

Stand, dev. 
mean 

no. obs. 

rag. % 

Stand, dev. 
mean 

no. obs. 

rag. % 

Stand, dev. 
mean 

0.5 

26 

1.02 

±0.08 

34 

1.03 

±0.09 

17 


±0.11 

17 

1.06 


1.5 

18 

1.00 

±0.09 

18 

1.01 

±0.09 

8 

BE 3 

±0.0/ 

9 

1.09 


2.5 

34 

1.04 

±0.07 

36 

1 

1.04 

±0.07 

17 

1.04 

±0.07 

17 

0.99 



\'idual renal functions, it was not considered de¬ 
sirable to complicate the determinations by the use 
of Lloyd’s reagent. In addition, the test is most 
useful in evaluating patients with slight degrees 
of renal functional impairment, before the develop¬ 
ment of azotemia. In such patients the “pseudo- 
creatinine” chromogen is at a minimum. 

METHOD 

1. Conditions of the experiment 

The conditions have been previously described in de¬ 
tail (1, 2). The principal subjects in this study were 
nine male internes. They were fed carefully contrived 
diets, all providing more than 2,000 calories per day, 
with fluid consumption permitted ad libitum. From Mon¬ 
day breakfast (7 A.M.) until Saturday at noon the diet 
svas carefully followed. Over the weekend, until the 
following Monday at breakfast, the subjects were allowed 
a free diet The breakfasts were free of pre-formed cre¬ 
atinine; that is, they contained no meat, fish, or chicken. 
At other meals meat was used as needed to provide the 
desired amount of protein. During the first week the 
diet contained 0.5 g. protein per kg. body weight per day. 
During the second week the protein content of the diet 
was 1.5 g. per kg. body weight, and during the third 
week the protein content was raised to 2.5 g, per kg. body 
weight After a gap of two months, the experiment was 
repeated at lowest and highest levels of protein con¬ 
sumption. 

Urine collections and blood specimens were obtained on 
the last two days of each diet Friday w'as divided into 
four urine collection periods; 7 A.M. to 12 Noon, 12 
Noon to 5 P.M., 5 P.M. to 10 P.M. and 10 P.M. to 7 A.M. 
Blood specimens were obtained just before each meal 


and at bedtime, with a IS minute leeway allowed in either 
direction from the times indicated: 7:15 A.M., 11:45 A-iL, 
4:45 P.M. and 9:45 P.M. On Saturday there was a 
single urine collection from 7 A.M. to 12 Noon, while 
blood specimens were obtained.at 7:15 A.M, and 11:45 
A.M. 

In order to compare the normal clearance values in 
women with those in men, a group of 25 female nurses, 
dietitians and medical students were studied in a similar 
fashion. However, the experiment vras modified for this 
group and they were studied only on the 0.5 g. protein 
dieL Urine collections were made each day of the 
week from 10 P.M. to 7 A.if., while blood specimens were 
taken daily at 3:15 P.M. 

2. Methods of Measurement 

Creatinine determinations were performed by the 
FoUn-Wu method, as modified (2). Qearances were cal¬ 
culated from the measured excretion rate, expressed in 
mg. per 24 hours, corrected to a body weight of 70 kg. 
The senun concentration used in the calculation vras a 
logarithmic mean of the concentrations foimd at the be¬ 
ginning and the end of each period. For body weight 
corrections, the subjects vrere weighed daily. Clearance 

values were corrected by a factor vrhere BW = 

body weight in kg., in accordance with the suggestion of 
Addis (13). The calculated clearances were expressed 
in L. per 24 hours per 70 kg, body weight 

RESULTS 

As has previously been sho'wn (2), the serum 
creatinine concentration does not vary significantly 
■with diet in normal individuals. From Table I it 
is seen that the diurnal variation in serum cre- 


TABLE n 


Diurnal variation of endogenous creatinine excretion in relation to dietary protein consumption in normal male individuals 


Diet 

4 

7 A.M.—12 Noon 

1 

12 Noon-5 P.M. 

5 P.ir.-10 P.M. 

10 P.M.-7 A.M. 

g. protein/ 

no. 

mg./24 hrs./ 

stand. 

no. 

1 

mg./24 hn./ 

Stand. 

no. 

mg./24 hrs./ 

Stand. 

no. 

nig./24 hn./ 

stand. 

kg- 

obs. 

70 kg. 

dev. mean 

obs. 

70 kg. 

dev. mean 

obs. 

70 kg. 

dev. mean 

obs. 

70 tg. 

dev. mean 

0,5 

31 

mm 

±164 

16 

1783 

± 77 

16 

1823 

—119 

16 

1517 

-1-97 

1.5 

16 


±112 

WSM 

1896 

± 81 

9 

1935 

83 


1611 

->-78 

1^.5 

33 

In 

±155 

H 

1988 

±135 

18 

2081 

±150 


1 1687 

1 

±90 
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TAiiu: ni 


Diurnal variation of endogenous creatinine clearance in relation to dietary protein consumption in normal male individuals 


Diet 

7 A.M.-12 Noon 

12 Noon-5 r.M. 

5 I*.M.-I0 P.M. 

10 P.M.-7 A.M. 

R. protein/ 

no. 

1 

1 L./2’l hrs./ 

slnntl. 

no. 

I../21 lus./ 

stnnd. 

no. 

D./Mliri./ 

st.and. 

no. 

I../2(hr3./ 

st.md. 

kg. 

obs. 

1 70 kR. 

dev. tnc.nn 

Ol)1, 1 

1 

70 kc. 

dev. mean 

oln. 

70 kg. 

drv. nir.nn 

obi, 

1 

70 kg. 

dev. mean 

0.5 

24 


±17 

16 ! 

■n 

±15 

■1 

166 

±15 

Bi 

141 

±12 

1.5 

16 


±17 

■9 


±10 


179 

±14 


msm 


2.5 

31 

IB 

±17 

m 

IB 

±17 

m 

2 on 

±14 



±13 


atinine concentration is insignificant, with a wide 
range of protein consumption, even though the 
consumption of pre-formed creatinine was limited 
to the noon and evening meals. 

As seen in Table II, on each diet there is a 
moderate but significant drop in creatinine excre¬ 
tion during the period from 10 P.M. to 7 A.M. In 
addition, there is a slight but significant rise in cre¬ 
atinine excretion during all periods, except 7 A.M. 
to 12 Noon, as the dietary protein consumption 
rises. Since the serum creatinine concentration 
remains constant, the clearance values follow the 
variations in excretion, and this may be seen in 
Table III. 

The female subjects were observed only under 
one set of conditions, so that effects of diet and di¬ 
urnal variation were not noted. However, Table 
IV reveals that both the serum creatinine con¬ 
centration and the creatinine excretion were lower 
than the values obtained in males on the same diet 
and at the same times. In spite of this the mean 
clearance value was not significantly different from 
the value obtained in males under similar condi¬ 
tions. 

DISCUSSION 

Since there was a drop in creatinine excretion 
during the period from 10 P.M. to 7 A.M. and 
there was a rise during the period from 7 A.M. to 
12 Noon, after a creatinine-free breakfast, on all 
diets, the factor responsible for the nocturnal drop 


TABLE IV 

Nocturnal creatinine clearance values in normal females on a 
low protein diet (0.5 g. per kg. per day) 



No. 

obs. 

Value 

Stand. 

dev. 

mean 

S^rum creat. cone. (3 P.M.) 

124 1 

0.79 mg. % 

dzO.07 

Great, excret. (10 P.M.-7 A.M.) 

124 1 

1147 mg./24 hrs./70 
kg. 

±94 

Creat, clear. (10 P.M.-7 A.M.) 

124 

I46:L./24 hrs./70 kg. 

±14 


must he other than the dietary protein consump¬ 
tion. In view of the observations of others that 
various renal functional measurements rise during 
recumbency and drop wlicn the erect, lordotic 
posture is assumed (14—16), it seems improbable 
that the nocturnal drop in creatinine excretion is 
a postural effect. Likewise, it seems improbable 
that this nocturnal drop is the result of diminished 
physical activity, since several investigators have 
found that renal functional measurements made 
at rest are greater than those made during mild 
exercise and much greater than those made during 
severe exercise (17-19). 

During sleep a much greater degree of relaxa¬ 
tion is attained than during rest while awake. 
There is a generalized relaxation of the vascular 
bed, manifested by the drop in vascular tension 
that occurs during sleep in normal individuals. It 
seems most reasonable to suppose that the noc¬ 
turnal drop in creatinine excretion, and conse¬ 
quently in the endogenous creatinine clearance, is 
the result of such a relaxation of the vascular ten¬ 
sion, with a drop in filtration pressure at the glO' 
merulus and drop in the glomerular filtration rate. 
In this connection it is of interest to note that 
Sirota and his associates (11), by using shorter 
nocturnal urine collection periods, found the pe¬ 
riod of diminished inulin and endogenous cre¬ 
atinine clearances to coincide with the period of 
deepest sleep. 

The influence of diet upon the endogenous cre¬ 
atinine clearance is absent in the morning period 
from 7 A.M. to 12 Noon, after a creatinine-free 
breakfast. From this it is apparent that the fast¬ 
ing period from supper time until morning is suffi¬ 
cient to obtain basal conditions with respect to 
creatinine excretion. For this reason, it seems 
most desirable for clinical determinations to use 
the morning period for collection, after a creatimne- 
free breakfast. This simply means a normal break- 
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fast of eggs, toast, cereal, etc., but -^vithout meat 
or bacon. 

In this experiment, there was no significant 
variation in the serum creatinine concentration 
of the male subjects under any of the varied con¬ 
ditions, with a grand mean value of 1.03 mg. per 
100 ml. Therefore, it would seem satisfactory to 
use a serum specimen obtained just before, during, 
or just after the period of urine collection for cal¬ 
culation of the clearance. 

In the female subjects the serum creatinine con¬ 
centration was slightly, but significantly, lower 
than in the males, with a mean value of 0.79 mg. 
per 100 ml. However, the creatinine excretion 
was proportionately lower than in the males, so 
that the mean endogenous creatinine clearance did 
not differ significantly from the value obtained 
in males under the same conditions. 

The values obtained for the endogenous cre¬ 
atinine clearance during the morning collection 
period from 7 A.M. to 12 Noon had a mean value 
of 176 L. per 24 hours per 70 kg. body weight. 
This is almost identical with the values obtained by 
Sirota and his colleagues (11) for the “peak,” 
when translated into comparable units, 

SUMMARY 

The endogenous creatinine clearance is a valu¬ 
able, simple, clinical test of renal function. It is 
affected slightly by the dietary protein consump¬ 
tion and by diurnal variations. These influences 
may be eliminated, for practical purposes, by col¬ 
lecting urine for the test during the morning after 
a creatinine-free breakfast. The normal endoge¬ 
nous creatinine clearance under such conditions 
is 176 L. per 24 hours per 70 kg, body weight, or 
122 ml. per minute per 70 kg. body weight. 

In females the normal mean serum creatinine 
concentration is 0.79 mg. ^o, slightly lower than in 
males. The normal mean endogenous creatinine 
clearance for female subjects was determined im- 
der one set of conditions and did not vary signifi¬ 
cantly from the values obtained in males. 
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The study of arteriovenous fistulas, and the al¬ 
terations in local and systemic circulation which 
they produce, has been a means of not only under¬ 
standing this particular lesion better, but of ex¬ 
tending our knowledge of many other more com¬ 
mon circulatory phenomena. In peacetime, investi¬ 
gations have been conducted on the relatively rare 
clinical cases and on animals with fistulas pro¬ 
duced in the laborator 3 ^ The recent war, with its 
many vascular injuries, presented an unusual op¬ 
portunity to study the circulatory alterations in 
patients with arteriovenous fistulas. This and suc¬ 
ceeding reports deal with observations on a large 
group of patients treated at Ashford General 
Hospital. 

The clinical manifestations exhibited by patients 
with an arteriovenous fistula have been described 
elsewhere (1, 2). It is generally recognized that 
these patients may develop congestive heart fail¬ 
ure. There has been controversy, however, re¬ 
garding the mechanism producing the circulatory 
failure. Some have ascribed it to greatly increased 
demands on the heart, others to diminution of 
coronary blood flow secondary to the lowered mean 
arterial pressure (3). Since a knowledge of the 
output of the heart is so important in defining the 
mechanism of the altered circulatory dynamics in 
these patients, we have measured the cardiac out¬ 
put as part of a general study of the circulation in 
patients with arteriovenous fistulas. 

In 1923 Lewis and Drury (4) reported the re¬ 
sults of their studies of arteriovenous fistulas in 
both man and the experimental animal. In the 
latter, using a glass cardiometer to enclose the 
heart, they found an increase in cardiac output, in 

1 The work described in the paper was done under a 
contract, recommended by the Committee on Medical Re¬ 
search, between the Office of Scientific Research and De¬ 
velopment and the Emory University School of Medicine, 
Atlanta, Georgia. 


some instances, wlicn the fistula was open. In the 
animals with an elevated cardiac output they also 
noticed an increased central venous pressure. Be¬ 
cause the venous pressure was found to be normal 
in their human cases, they assumed that the cardiac 
output was normal. No actual measurements on 
humans were rejxjrted. Harrison, Dock and Hol¬ 
man (5) in 1924, using the direct Fick technique, 
reported that the cardiac output was elevated in 
their animals with experimental arteriovenous fis¬ 
tulas. Since then, several additional studies in 
experimental animals have confirmed the earlier 
observations that the basal cardiac output may be 
elevated by the creation of an arteriovenous fistula 
(3, 6-8). On the other hand, the relatively few 
clinical observations made on patients with arterio¬ 
venous fistulas led to less definitive conclusions; 
in most instances an increased cardiac output was 
found (9-14). These data have been summarized 
in two recent reports (3, 14). It may be that the 
foreign gas methods, often used in McMichael clin¬ 
ical studies, were invalidated by the abnormal cir¬ 
culatory dynamics present in these patients. In¬ 
sofar as we are aware, there is no study reported 
of the cardiac output in a large group of patients 
observed before and after removal of an arterio¬ 
venous fistula. 

METHODS 

The cardiac output was determined by means of th£ 
low frequency, critically damped ballistocardiograph (I , 
16) which measures the output by the ballistic recoil o 
the body with each heart beat. 

To verify the validity of the measurements by the bal¬ 
listocardiograph in the presence of arteriovenous fistulas 
or large areas of reactive hyperemia (in reality a tempo 
rary arteriovenous fistula) comparative studies by the i 
rect Fick technique were made (16-19). A satisfacto^ 
correlation between the two methods was demonstrated. 
We believe, therefore, that, under the conditions of the 
present study, the ballistocardiographic metlrod is a use¬ 
ful and valid one. 
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To {acilitatc comparison o{ individuals of \-arious sizes, 
the cardiac index (tlic output of the heart in liters per 
minute per square meter of body surface) was used in 
recording our obsers-ations. All determinations were 
made on subjects three hours or more after they had 
eaten, and after they had relaxed for at least 15 minutes 
on the ballistocardiograph table. The arterial pressure 
was obtained with an ordinary mercury manometer by 
the auscultatory method. In patients with a fistula suffi¬ 
ciently distal on an extremity so that occlusion could be 
accomplished by inflation of a blood pressure cuff, ob¬ 
servations were made before and during the occlusion of 
tlie fistula. These studies are reported separately (20). 
The transverse diameter of the heart as measured from a 
teleoroentgenogram was used as an index of changes in 
heart size. The blood volume was measured by means 
of the blue dye T-1824 (21). 

RESULTS 

Forty-seven, patients with arteriovenous fistu¬ 
las were studied at least once before and after op¬ 
eration. Many had a cardiac output determination 
on several occasions. All the patients were pre¬ 
sumably normal prior to their injury resulting in 
the establishment o£ the arteriovenous fistula. All 
except on were men. The time behveen the in¬ 
jury causing the fistula and the operative repair 


varied from two months to slightly over two 
years. No patient had evidence of frank congestive 
heart failure. All the patients had definite local 
signs of the fistula, such as thrill or murmur. In 
all, the fistula was demonstrated and successfully 
removed at operation. In none was there evi¬ 
dence of recurrence, nor was the postoperative 
course seriously complicated. 

The results of the cardiac output determinations 
and related observations are recorded in Table I. 
We have considered the value, or average of sev¬ 
eral values, obtained 10 da 3 's or more after removal 
of the fistula, as the normal resting output for 
each patient. Using this normal value for com¬ 
parison, the preoperative cardiac outputs are seen 
to range from 127 per cent above to 21 per cent 
below the normal resting cardiac output (Figure 
1). Our experience has been that in normal sub¬ 
jects a variation of as much as 25 per cent above 
or below a value selected as the resting cardiac 
output may be expected on repeated measurements 
on different days. 

As can be seen from Table I, the alteration in 
cardiac output is predominantly the result of 
change in stroke volume rather than pulse rate. 


TABLE I 


Observations on 47 patients soith arteriovenous fistulas h^ore and after operation 


Location of 6stula 
and number of 
patients in group 

Duration 
of fistula 

Time of 
observ’atioa 

Puls« rate 

Stroke volume 

Cardiac index 

Change in 
heart size 

Change in 
blood volume 


imum 

day? before and 



liters per min. 





afUr oPeralion 

heats per min. 

cc. 

per sq. m. 

cm. 

cc. Per sq. m. 

Carotid 


6 before 

73 

116' 

4.5 

-0.5 

-440 

(5) 


14 after 

70 

80. 

3.7 



Vertebral 

8 

1 before 

81 

114’ 

4.5 

-0.2 


(i) 


18 after 

78 

93j 

3.7 

i 


Subclavian 

3.3 

19 before 

71 

114 

4.0 

+1.2 

—155 

(5) 


4 after 

i 

80 

2.8 i 



Axillary 

11.3 

13 before 

65 

145 

4.9 


-200 

{•?) 


14 after 

78 

104 

4.5 



Brachial 

5 

S before 

74 

122 

4.3 

-0.2 

+ 40 

(•f) 


14 after 

66 

94 

3.9 



Iliac 

7.2 

IS before 

84 

115 

7.1 

-0.6 

-453 

(3) 


20 after 

72 

80 

3.2 



Femoral 

5 

8 before 

82 

115 

6.0 

-1.2 

-304 

{12) 


16 after 

73 

94 

3.9 



Popliteal 

9.6 

9 before 

66 

134 

4.8 

-0.6 

-210 

(s) 


21 after 

65 

103 




Tibial 

8.2 

6 before 

67 

107 

4.0 

-0.2 

-123 

UI) 


23 after 

70 

94 1 

1 

3.5 
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EFFECT OF A-V FISTULA ON CARDIAC OUTPUT 



Fig. 1. Tun Effect of Removal or an Arteriovenous Fistula on the 

Cardiac Output 


In only seven patients with the fistula intact was 
the basal pulse rate above 85 beats per minute. 
In four of these the fistula involved the femoral 
vessel; in two, the iliac; and in one, the subclavian. 
The cardiac output in this group of patients aver¬ 
aged 82 per cent above the postoperative level and 
ranged from 32 per cent to 127 per cent. 

The arterial blood pressure showed little varia¬ 
tion from the preoperative to postoperative period. 
In general, if change occurred there was a tend¬ 
ency toward diminution of the pulse pressure post- 
operatively, due predominantly to an elevation of 
the diastolic pressure. 

In those instances where satisfactory measure¬ 
ments were obtained, the changes in transverse 
diameter of the heart and blood volume are re¬ 
corded. These are discussed in detail elsewhere 
( 21 ). 

DISCUSSION 

Our patients were apparently healthy young 
adults before injury. Although the person to per¬ 
son variability in cardiac output is large, our study 
could have been made using an average normal 
value for comparison with the value found in the 
presence of the fistula. We were fortunate, how¬ 
ever, in that our patients returned to a normal 
state after operation without evidence of residual 
abnormality in the circulation. The postoperative 
cardiac index varied considerably from patient to 
patient, but the range was similar to that found 
in a comparable group of normal subjects studied 
by the catheter method (22). Therefore, we have 


utilized the value obtained postoperatively for each 
individual as his normal and have used this value 
as the basis of estimating the load placed on the 
heart by the fistula. 

The resting cardiac output with the fistula in¬ 
tact varied from 21 per cent below the postopera¬ 
tive value to 127 per cent above. A variation of 
25 per cent above and below the postoperative 
value might be expected in any group of patients 
so studied and, therefore, could not be attributed 
to the effect of the fistula. In 22, or 47 per cent, 
of the patients, the change in cardiac output fell 
within this ^ 25 per cent range. In these patients 
the fistula was not large enough to produce a sig¬ 
nificant change in cardiac output. In all of the 
other patients (25, or 53 per cent), the cardiac out¬ 
put with the fistula open was more than 25 per cent 
greater than the postoperative cardiac output, the 
values ranging from 25 per cent to 127 per cent 
above the normal output. We believe that these 
increases of more than 25 per cent' in cardiac out¬ 
put are significant. This indicates that about one- 
half of our patients with arteriovenous fistula had 
a significantly elevated cardiac output as measured 
under basal conditions. 

The increased cardiac output was primarily 
the result of an increase in stroke volume. The 
postoperative basal pulse rate was above 85 beats 
per minute in only seven patients. In these pn 
tients, all with clinical evidences of a large fistula, 
the cardiac output was markedly elevated, averag 
ing 82 per cent above the postoperative level. 
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SUMMARY AND CONCLUSIONS 

A Study of the cardiac output iu 47 patients with 
arteriovenous fistulas was made by means of the 
low frequency critically damped ballistocardio- 
graph before and after operative removal of the 
fistula. In 22 (47 per cent) of the patients there 
was a change of less than 25 per cent in the cardiac 
output in the presence of a fistula, when compared 
with the later noi’inal values obtained for each pa¬ 
tient after operative removal of the fistula. Tin's 
change was not considered a significant one. 

In 25 (53 per cent) of the patients with the 
fistula intact, there was elevation of the cardiac 
output of from 25 to 127 per cent above the post¬ 
operative (normal) level. Although, in general, 
these patients were the ones with clinical evidences 
of large fistulas, there was no striking correlation 
with the change in cardiac size, blood volume, or 
pulse rate, nor with duration of the fistula. 

The evidence at hand indicates that the increased 
cardiac output is not due to an increase in filling 
pressure presented to the right side of the heart, 
but rather is related to change in the arterial tree. 

Misses Maurinc Gicse and Margaret Steele gave valu¬ 
able technical assistance. 
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In patients with an arteriovenous fistula tem¬ 
porary occlusion of the fistula results in several 
alterations in the circulation. The most com¬ 
monly recognized of these is the slowing of the 
heart rate. This response, described originally in 
1875 by Nicoladoni (1), was reported independ¬ 
ently in 1890 by Branham (2). It is now almost 
universally referred to as Branham’s sign. Subse¬ 
quently, additional changes in arterial pressure 
(3), cardiac output (4, 5) and peripheral blood 
flow (6) have been noted by other authors. In the 
course of our studies on the cardiovascular dynam¬ 
ics in patients with arteriovenous fistulas we have 
made further observations on Branham’s sign and 
related phenomena. These data are the subject 
of the present report. 

METHODS 

The critically damped ballistocardiograph described by 
Nickerson and Curtis (7) was used in the determination 
of heart rate, stroke volume, and cardiac output The 
method of its use is described in a separate report (5). 
Only patients with arteriovenous fistulas of the extremi¬ 
ties were studied. The fistula was obliterated temporarily 
by rapid inflation of a blood pressure cuff to 200 mm. 
mercury pressure from a large air reservoir. The cuff 
was placed around the extremity in such a way that de¬ 
flation did not affect the venous blood flow. This was 
done several times before taking the ballistic records in 
order to familiarize the patient with the procedure and 
to ascertain if there was discomfort upon application of 
pressure in the cuff. Ballistic tracings and arterial blood 
pressure measurement (determined by the auscultatory 
method) were obtained with the fistula both open and 
occluded. At least two sets of observations were made 
on each patient In some instances 2 mgm. of atropine 
sulfate were injected intravenously, and the observations 

^The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and the Emory University School of Medi¬ 
cine, Atlanta, Georgia. 


were repeated at the height of the atropine effect Ad¬ 
ditional studies were made following operative removal 
of the arteriovenous fistula. 

EESULTS 

Twenty-five patients with arteriovenous fistulas 
resulting from trauma were studied. The studies 
were restricted to those patients with fistulas of 
the extremities which could be occluded by infla¬ 
tion of a blood pressure cuff. None of the patients 
had clinical evidence of cardiac failure, or any dis¬ 
ease which might alter the responses of the cardio¬ 
vascular system. All of the patients reported here 
have been included in a previously reported study 
on the cardiac output in patients with arteriovenous 
fistulas (5). 

Observations on the effect of sudden occlusion 
of an arteriovenous fistula are recorded in Table 
I and shown graphically in Figure 1. In 17 pa- 

CHANGE IN CARDIAC OUTPUT UPON 
TEMPORARY OCCLUSION OF A-V FISTULA 





10 


ao i- 

Fic. 1. Changes in Caediac Output upon Teiipoeasv 
Occlusion of A-V Fistul.a 
The cardiac output with the fistula open is expressed 
in per cent deviation from the cardiac output with the 
fistula occluded. 
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TABLE I 


Summary of obscrvalions on 25 patients with artcrioienous jhtulas of the extremities 


Loc.ttioii of fistula 
and number of j 
patients in group j 

1 

1 

Duration of { 
fititula { 

Time of 
observation 

Comment 

Cardiac 

index 

Siro'xe 

volume 

Puhe 

rate 

Arterial 

pressure 



(/uyj btfare uiiJ ' 


htirs ptr 





monthi 

lijUr operiili'on j 


ptr j;. m. 


Itets per min. 

mm. Up 

Brachial 

•1 

•1 before 

Cuff off 

•1.8 


70.1 

128/79 

(2) 


5 before i 

Cuff ou 

3.1 


51 




9 after 


•l.O 

105.9 

68.8 

mibb 

Femoral 

•1.1 

6 before 

Cuff off 

5.7 

132.8 

77.1 

119/90 

( 7 ) 


•1 before 

Cuff on 

3.6 

101.9 

61.1 

118/73 



15 after 


3.5 

93.0 

69.8 

115/74 

Popliteal 

9.6 

9 before 

Cuff off 

•1.9 

135.1 

65.9 

118/57 

( 5 ) 


11 before 

Cuff oa 

3.7 

102.5 

55.8 

117/81 



17 after 


•l.S 

103.8 

65.6 

115/48 

Tibial 

8.2 

6 before 

Cuff off 

•1.0 

107.5 

67.8 

nips 

W 


7 before 

Cuff on 

3.2 

91,9 

63.-i 

124/79 



1 23 after 

1 

j 

3.6 

95.5 

68.1 

114/66 


tients (68 per cent) the heart rate decreased more 
than 4 beats per minute and in one case as much 
as 32 beats per minute. In the remaining eight 
cases the rate changed only 4 or less beats per 
minute. In 19 patients (76 per cent) stroke vol¬ 


ume decreased 10 cc. or more per stroke. The ef¬ 
fects on the cardiac index (cardiac output in liters 
per minute per scpiare meter of body surface) va¬ 
ried from no change to a decrease of 3.6 liters. 
In 22 patients (88 per cent) it decreased 0.5 liters 


TABLE II 


Observation of the effect of temporary occlusion of an arteriovenous fistula 
before and after administration of atropine 


Location of fistula 

1 Comment 

1 

Cardiac 

Cardiac 

Stroke 

Heart 


patient 

output 

index 

volume 

rate 






liten per min. 



mm. Bg 




liters per min. 

Per SQ. m. 

CC. 

beats per min. 

Femoral 

Cuff off 


10.3 

5.8 

124 

83 

110/60 

( 7 ) 

Cuff on 


6.5 

3.7 

107 

61 

115/70 

Atropine—2 mgm. intravenously 




100 

125/85 


Cuff off 


12.3 

7.0 

123 


Cuff on 


8.6 

4.9 

83 

104 

145/95 

Femoral 

Cuff off 


12.0 1 

6.5 

158 

76 

120/55 

{13) 

Cuff on 


6.1 

3.3 

139 

44 

125/70 

Atropine—2 mgm. intravenously 




93 

130/85 


Cuff off 


9.7 

5.3 

105 

' - 

Cuff on 


7.9 

4.3 

84 

94 

150/90 

Popliteal 

Cuff off 


11.6 

6.0 

140 

83 

115/60 

(4),j 

Cuff on 
Atropine- 

—2 mgm. intravenously 

6.8 

i 

3.5 

i 

110 

127 

62 

123 

115/70 

135/90 


Cuff off 

1 15.6 

8.0 


Cuff on 

/ 

12.1 

6.2 

102 

119 

140/100 

Popliteal 

(6) 

Cuff off 
Cuff on 

5.8 

4.2 

3.6 

2.6 

93 

70 

62 

59 

110/60 

115/75 

Atropine- 
Cuff off 

—2 mgm. intravenously 

8.8 

S.S 

86 

102 

120/65 


Cuff on 


6.4 

4.0 

62 

102 

130/85 

Tibial 

{4) 

1 

Cuff off 
Cuff on 


9.4 

6.9 

5.0 

3.6 

132 

120 

71 

57 

120/60 

120/80 

Atropine- 
Cuff off 
Cuff on 

—2 mgm. intravenously 

9.8 

5.6 

5.2 

3.0 

100 

59 

98 

96 

140/90 

160/100 
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or more, which, under the conditions of the study, 
probably represents a minimal detectable change. 
Changes in arterial pressure were not large, but 
almost uniformly' consisted of an increase in dia¬ 
stolic pressure and frequently an increased systolic 
pressure upon occlusion of the fistula. 

Additional studies on the effect of compression 
of the fistula were made on five patients who had 
received intravenously 2 mgm. of atropine sulfate 
(Table II). In all the atropine produced an in¬ 
creased pulse rate and in some an increase in car¬ 
diac index above the basal level. Upon inflation 
of the cuff the change in pulse rate was not 
greater than 4 beats per minute. Despite this rela¬ 
tively small change in heart rate, the decrease in 
stroke volume varied from 21 to 41 cc. and in 
cardiac output from 1.8 to 4.2 liters. 

DISCUSSION 

The advantages of the ballistic method for de¬ 
termination of relatively rapid changes in cardio¬ 
vascular dynamics have been enumerated previ¬ 
ously (5, 8). One disadvantage in the use of the 
ballistocardiograph is that manual compression of 
the fistula interferes with the movements of the 
ballistic bed. Therefore, a blood pressure cuff was 
used. This means of temporarily occluding the 
fistula occludes not only the fistula but also all of 
the circulation to the extremity distal to the cuff. 

Studies on normal subjects, and on normal ex¬ 
tremities of patients with arteriovenous fistula else¬ 
where in the body, have shown that rapid infla¬ 
tion of the cuff to 200 mm. mercury pressure pro¬ 
duced practically no change in cardiac output or 
pulse rate. In one patient, in whom the fistula was 
also occluded with a Matas compressor (compres¬ 
sion of only the major vessel entering the fistula) 
(9), it was found that the cuff and compressor 
produced identical changes in heart rate and 
cardiac output. 

The findings reported here confirm Branham’s 
observations. The rapidity of the reaction sug¬ 
gests that a nervous reflex is involved. Lewis and 
Drury (6) observed that they could block the re¬ 
action by the preliminary administration of atro¬ 
pine. Rieder (10) was unable to confirm this, 
but it is likely that his dosage of atropine was in¬ 
adequate. The present results confirm the find¬ 
ings of Ellis and "Weiss (11), and of Kramer and 
Kahn (12), that atropinization can block the 


change in pulse rate. This effect of atropine was 
interpreted as evidence that the pulse slowing re¬ 
sponse is mediated by a'nervous mechanism, and 
by the vagus nerve in particular. 

The specific stimulus which activates the brady- 
cardiac response is not completely understood. 
It has been suggested that the vascular bed in and 
around the fistula may take on a function similar to 
the carotid sinus or aortic depressor areas in that 
local pressure changes are reflected in reflex 
changes in cardiac function. This does not ap¬ 
pear to be the case. Observations (13, 14) have 
revealed that the pulse rate changes occur in pa¬ 
tients with high spinal anesthesia. In these pa¬ 
tients the area of the fistula is probably devoid of 
functional nervous connections, but it is not cer¬ 
tain that complete denervation is present 

Several other systemic circulatory alterations 
take place when an arteriovenous fistula is oc¬ 
cluded. Measurements of the pressure in the 
right atrium have failed to show any alteration, 
whereas the arterial pressure is found to rise. 
The latter phenomenon offers the most likely ex¬ 
planation for the slowing of the pulse rate. It is 
an established physiologic principle (Marey’s law) 
that the pulse slows when the blood pressure rises. 
The origin of this type of reflex response appears 
to occur in the pressure sensitive end organs in the 
carotid sinus and aortic arch. In addition, experi¬ 
ence in normal human subjects has shown that 
drugs which cause an increased arterial pressure 
with little change in cardiac output, such as pare- 
drine, usually cause a slowing in the heart rate 

(15). 

The present observations also demonstrate a 
striking decrease in stroke volume upon compres¬ 
sion of the fistula. As a result of the summation 
of changes in heart rate and stroke volume the 
cardiac output is reduced. However, the reduc¬ 
tion in stroke volume appears to be independent 
of the pulse rate change. Atropine, which abol¬ 
ishes the heart rate change, does not prevent the 
reduction in stroke volume. In fact, in the cases 
observed, the stroke volume reduction in occlusion 
of the fistula is greater with atropine than without. 
This effect is probably the result of the shorter 
•filling time which is a consequence of the higher 
heart rate during atropinization. 

The nature of the mechanism responsible for 
the change in stroke volume upon opening or 
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dosing the fistula is of considerable interest. The 
change occurs rapidly, significant alterations a{> 
pearing within the first few heart beats. Theoreti¬ 
cally it appears that the stroke volume may be al¬ 
tered by one of three mechanisms: changes in the 
pressure gradient filling the ventricles, variation 
in the completeness of systolic emptying of the 
ventricles, and variation in the degree of diastolic 
relaxation of the ventricles. 

Studies using the method of right heart cathe¬ 
terization have revealed evidence regarding the 
first possibility. It has been demonstrated (16) 
that there is no change in the mean right atrial 
pressure when the fistula is opened and closed, 
although there may be large changes in stroke vol¬ 
ume. Changes in atrial pressures do not then 
appear to be the cause of the increased stroke vol¬ 
ume. Nevertheless, one qualification remains in 
that a pressure gradient cannot be determined by 
measuring the pressure at a single point in the 
system. Pressure in the ventricle may change, 
hence the gradient filling the ventricle would be 
altered. 

There is, however, no direct evidence regarding 
the completeness of systolic emptying and the 
changes in diastolic relaxation of the ventricles in 
normal man. In addition to invoking the pas¬ 
sive increase of fluid movement on opening the 
fistula as an explanation of the increased stroke 
volume there is the possibility of involvement of 
some nervous mechanism. Such a mechanism may 
influence the degree of relaxation of the ventricles, 
and the necessary stimulus could originate in the 
venous bed. If a nervous reaction is involved, it 
must occur rapidly and not be blocked by atropine. 

Changes in cardiac output and stroke volume 
similar to these reported here may be observed in 
normal subjects by the production of large areas 
of reactive hyperemia (16). If blood pressure 
cuffs are placed around the upper thighs and in¬ 
flated to 200 mm. mercury pressure, little change 
in heart rate and cardiac output is produced. If 
the tourniquets are kept on for 20 minutes, and 
observations are made at the time of release, strik¬ 
ing changes in heart rate and output may be noted. 
The heart rate increases, and the cardiac output 
per minute almost doubles. These changes, as 
those in our patients with arteriovenous fistulas, 
occurred without significant alterations in atrial 
pressure. 


After operative removal of the fistula the cardiac 
output was found to be nearly the same as that 
observed [ireviously upcm temporary compression 
of the fistula. Cardiac output is such a variable 
function, changing markedly with even emotional 
factors, that it is difficult to say whether the failure 
of the values to coincide exactly always represents 
a real difference in output as related to the length 
of time that the fistula is closed, or whether it 
represents variations in the conditions under which 
the values were obtained, 

SUMMARY AND CONCLUSIONS 

The changes in heart rate and output occurring 
upon temporary compression of an arteriovenous 
fistula have been studied in a group of 25 patients. 

In 6S per cent of the patients there was a signifi¬ 
cant decrease in heart rate (Branham’s sign) 
which occurred almost immediately upon com¬ 
pression of the fistula and which was blocked by 
use of atropine. 

In SS per cent of the patients there was a de¬ 
crease in stroke volume and cardiac output which 
occurred rapidly and simultaneously, but which 
was not altered by the use of atropine. 

The evidence indicates that the change in heart 
rate results from a nervous reflex mediated by the 
vagus nerve, and most likely arises from altera¬ 
tions in arterial pressure. It appears that the 
change in stroke volume is due to variations in 
diastolic relaxation of the ventricle or to variation 
in the completeness of systolic emptying. 

Although exactly comparable observations are 
difficult to obtain, the cardiac output found im¬ 
mediately upon closure of an arteriovenous fistula 
is approximately the same as that found several 
weeks after operative removal of the fistula. 

Misses Mary Margaret Steele and Maurine Giese gave 
valuable tecluiical assistance. 
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There has been much controversy concerning the 
changes in blood volume which occur in the pres¬ 
ence of arteriovenous fistulas. The large number 
of vascular injuries treated at Ashford General 
Hospital during the recent war offered an unusual 
opportunity to study this problem. This paper 
reports observations on the blood volume changes 
in a group of 41 such patients studied before and 
after operative removal of an arteriovenous fistula. 

In 1924 Holman (1) reported his studies on 
animals with arteriovenous fistulas. He used the 
brilliant vital red method of blood volume deter¬ 
mination, obtaining a single dyed specimen four 
minutes after the injection of the dye. He found 
that the blood volume increased in the presence of 
a fistula. Later he reported similar blood volume 
studies in patients with arteriovenous fistulas (2, 
3) ; in most instances there was a reduction in 
blood volume following removal of the fistula. In 
their studies on blood volume Rowntree and 
Brown (4) included seven patients with arterio¬ 
venous fistulas, three of whom had congenital le¬ 
sions. Although the average blood volume was 
slightly above the normal value, in only one pa¬ 
tient was there a distinctly increased blood volume. 
Pemberton and Saint (5) reported finding a 
slightly elevated value in a single patient with a 
congenital communication between artery and vein. 
Reid and McGuire (6) expressed doubt regard¬ 
ing the blood volume changes in view of their find¬ 
ings on three patients studied before and after 
operation. In one patient there was essentially no 
change in blood volume; in another, a postopera¬ 
tive decline of 600 cc.; and in the other, a post- 

1 The work described in this paper was done under a 
contract, recommended by the Committee on Medical Re¬ 
search, between the Office of Scientific Research and De¬ 
velopment and the Emory University School of Medi¬ 
cine, Atlanta, Georgia, 


operative drop of 1,000 cc. and nine months later, 
a return to the preoperative volume. In two ex¬ 
perimental animals they found that a slight in¬ 
crease in blood volume accompanied the fistula. 
Using the blue dye T-1S24 in a single case, Ellis 
and Weiss (7) found the blood volume within 
normal limits, but they did not repeat the measure¬ 
ment postoperatively. Kennedy and Burwell (8) 
reported a large value in a patient with multiple 
communications between artery and vein. The 
volume decreased after operation, but later fluctu¬ 
ated considerably as the fistula recurred. 

There are many theoretical and practical ob¬ 
jections to the methods used in the earlier studies 
and more recent observations have been inade¬ 
quate in number. Therefore, the studies reported 
here were made. 

METHODS 

AH determinations reported here were made on patients 
under basal conditions, at least 12 hours after the last 
meal and before arising in the morning. The plasma 
volume was measured using the blue dye T-1824 recom¬ 
mended by Gregersen, Gibson, and Stead (9). AH blood 
samples were taken from the antecubital veins, using a 
dry syringe, and avoiding the hemoconcentrating effect 
of a tourniquet. After obtaining a dye-free sample, 3 cc. 
of an 0.1 per cent solution of the dye was injected from 
a calibrated syringe, hnd the syringe was rinsed three times 
with blood. Care was taken to prevent and note any 
extravascular loss of the dye. Exactly 10 minutes after 
the dye injection, a dyed sample of blood was obtained, 
again with precautions against hemolysis and hemocon- 
centration. In some patients, but not all, an inlying 
needle was left in place and serial samples obtained in 
order to determine the rate of disappearance of the blue 

dye. _ 

The blood samples were placed in small tubes under 
a layer of mineral oil, allowed to clot and retract, then 
were centrifuged gently. The samples were discarded if 
there was evidence of lipemia or hemolysis. A Coleman 
Junior Spectrophotometer or a Nickerson decade photom¬ 
eter (10) was used in determining the concentration of 
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tlie dye T-1S24. This was done by measuring the light 
absorption o£ tlie dyed scrum samples relative to the dye- 
free sample at a wave length of 620 millimicrons. Pre¬ 
viously the apparatus had been calibrated with known 
amounts of dye in scrum. 

Blood specimens were also obtained for hematocrit read¬ 
ing, hemoglobin, and total protein determinations. Hepa¬ 
rin was used as the anticoagulant in the hematocrit tubes. 
The hemoglobin concentration was determined by meas¬ 
uring tlie optical density of a dilute alkaline solution of 
blood. Total protein was determined by tlie density 
method of Barbour and Hamilton (11). 

The plasma volume was calculated from either tlie dye 
concentration value obtained from extrapolation of tlie 
disappearance'curve plotted semilogarithmically (12), or 
from die single 10-minute point as suggested by Greger- 
sen (13). The total blood volume was determined from 
the plasma volume and the hematocrit reading. To facili¬ 
tate comparison between patients of different size, the 
blood volume per square meter of body surface was cal¬ 
culated. 

Additional studies, reported in detail elsewhere (14, 15), 
were made on many of these patients. Included were 
roentgenographic estimations of the heart size (obtained 
by measuring the transverse diameter of the heart on a 
teleoroentgenogram), and cardiac output determinations 
(by the ballistic method). 

RESULTS 

Observations were made on 41 patients, and the 
essential findings are reported in Table I. All 
patients had arteriovenous fistulas resulting from 


trauma. As far as could be determined, all the pa¬ 
tients were healthy young adults before injury, and 
none had complicating injuries or illness that might 
have altered the blood volume. There was one 
woman in the group. Table I shows that the loca¬ 
tion of the lesions varied considerably. In all pa¬ 
tients there were characteristic physical signs of 
the fistula. The duration between removal of the 
fistula and the infliction of the wound which caused 
it varied from slightly more than two months to 
two years. In no patient was there evidence of 
frank cardiac failure. The operative removal of 
the fistula was done with either sodium pentothal 
or continuous spinal anesthesia. In all instances 
the fistula was successfully removed, and the post¬ 
operative course was uneventful. With the ex¬ 
ception of those determinations done on the third 
postoperative day, the patients were usually al¬ 
lowed out of bed by the time the blood volume de¬ 
terminations were made. 

In the entire group, before operation the blood 
volume per square meter of body surface ranged 
from 2,400 cc. to 4,030 cc. Ten days or more after 
operation it ranged from 2,330 cc. to 3,380 cc. 
In 23 patients (56 per cent) the change was less 
than 200 cc. A change of 200 cc. or less was not 
considered a significant change. 


TABLE I 


Summary of observations on 41 patients with arteriovenous fistulas 


Location of fistula 
and number of 
patienta in group 

Duration of 
fistula 

Time of 
observation 

Plasma 

volume 

Total blood 
volume 

Deviation 
from normal 
blood volume 

Hematocrit 

reading 

Total plasma 
protein 

Heart size 



days before and 


! 



gms. per 



months 

after operation 

ce. 

cc. 

cc. Per jj. m. 


100 cc. 

cm. 

Carotid 

3.5 

1 before 

2650 

5100 


48.2 

6.7 

-1.5 

w 


21 after 

2420 

4385 

-440 

44.8 

6.1 


Subclavian 

3.5 

7 before 

2848 

5540 

-168 

49.1 

6.0 

4-0.5 

(4) 


12 after 

2932 

5387 


46.1 

6.4 


Axillary 

8,1 

12 before 

2990 

5700 

-122 

47.7 

6.3 

-5.6- 

(5) 


1 20 after 

2806 

4947 


46.8 

6.4 


Brachial 

3.5 

6 before 

2620 

5053 

90 

47.8 

6.4 

0 

(3) 


10 after 

2970 

5220 


49.4 

6.5 


Iliac 

6 

14 before 

3146 

5616 

-365 

44.3 

6.9 

-0.6 

(4) 


14 after 

2667 

4957 


46.4 

6.3 


Femoral 

6.1 

6 before 1 

2972 

5645 

-238 

47.6 

6.2 

-1.2 

il3) 


14 after 

2618 

1 

5169 


49.4 

6.4 


Popliteal 

6.8 

7 before 

2827 

5584 

- 76 

49.2 

6.4 

-0,2 

(S) 


15 after 

2856 

5476 


47.7 

6.8 


Tibial 

8.7 

3 before 

2735 

5068 

-116 

45.6 

6.2 

-0.4 

(4) 


19 after 

2661 

4865 


45.0 

6.5 
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In 18 patients (44 per cent), after removal of the 
fistula there was a decrease in blood volume from 
200 cc. to 1,060 cc. per square meter body surface. 
In many instances these changes were confirmed 
by repeated observations. On the other hand, in 
none of the patients was there a significant increase 
in blood volume following operation. 

The hematocrit readings varied slightly, most 
often showing a tendency to fall somewhat after 
operation. Therefore, the calculated red blood 
cell volume underwent similar changes. The he¬ 
moglobin and total protein concentration did not 
undergo marked alteration. The cardiac output 
data and changes in heart size have been described 
in detail elsewhere (14). 

There has been wide use of the blue dye T-1824 
(9) in the determination of plasma volume. In 
the present studies the disappearance of the dye 
was plotted semilogarithmically as recommended 
by Gregersen and Rawson (12). More recently 
Gregersen (13) has suggested that in certain situ¬ 
ations a single dyed specimen obtained 10 minutes 
after dye injection is almost as reliable as an ex¬ 
trapolated value for dye concentration obtained 
from the disappearance curve of the dye. He found 
this true in normal patients and patients in shock. 
In the case of many patients reported here there 
were obtained both 10-minute samples and multiple 
specimens for plotting the disappearance slope of 
the dye. There was no evidence that the disap¬ 
pearance rate of the dye was affected by the pres¬ 
ence of the arteriovenous fistula, and the plasma 
volume as calculated by the two methods did not 
differ significantly. It must be remembered, how¬ 
ever, that none of these patients had frank con¬ 
gestive heart failure. It is possible that the pro¬ 
longed mixing time of cardiac failure might in¬ 
validate the 10-minute point method. Because of 
the limited time that the patients were available, 
and because multiple determinations were made on 
a large group, the 10-minute point method was 
used extensively. 

The calculation of the total blood volume from 
the hematocrit reading and the plasma has been 
subject to criticism (16, 17). This is primarily 
because the peripheral venous hematocrit read¬ 
ing is imperfect from the standpoint of indicating 
the proportion of cells in the blood in flow, and be¬ 
cause the plasma trapped among the cells in cen¬ 
trifugation prevents arrival at a true cell-plasma 


ratio by hematocrit reading. Despite the handi¬ 
caps, a value determined by this means may serve 
many useful purposes. It appears particularly 
useful in measurements, such as these reported 
here, where comparative observations are made on 
the same person who has minimal hematocrit 
changes. 

Because it appears to be at the expense of the 
ratio of cells to plasma that the body maintains 
the total blood volume at a constant level, we found 
the total blood volume the most stable and useful 
value for these studies. Since the body can mobi¬ 
lize fluid and protein with relative rapidity, the 
plasma volume appears to vary to compensate for 
changes in the red cell volume. Studies on the ef¬ 
fect of simple hemorrhage show that these changes 
in plasma volume first occur with a slow readjust¬ 
ment of the red cell volume and hematocrit read¬ 
ing to the normal value (18). Similar changes 
may be seen soon after an operation, with its ac¬ 
companying blood loss and dehydration. Because 
of this, the plasma volume is subject to much more 
fluctuation than is the total blood volume, and 
knowledge concerning it was of less value in these 
studies than was evidence of changes in the total 
blood volume. Although some of the postopera¬ 
tive measurements reported here were made rela¬ 
tively early following operation, an effort was made 
to delay them long enough to avoid any immediate 
effects of the operation. Only observations made 
10 days or more after operation were used in the 
calculation of the normal values. Almost all of 
the patients were ambulatory by this time. The 
values obtained fell in the same range as those 
reported previously for normal male subjects, the 
average blood volume being near 2,800 cc, per 
square meter of body surface (19). 

The results of these studies are expressed 
graphically in Figure 1, considering the postopera¬ 
tive blood volume as the normal for each patient. 
A majority of the patients showed a change of less 
than 200 cc. in blood volume per square meter 
body surface. This degree of change (about 7 per 
cent of the normal value) may be expected inde¬ 
pendently, without direct effect on the arterio¬ 
venous fistula. Such factors as technical errors 
in blood volume determination, changes resulting 
from operation, and bed rest could readily account 
for a 7 per cent variation. On the other hand, fol¬ 
lowing operation, although no patient had an in- 
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Fig. 1. Effects of an A-V Fistula on Blood Volume 
The change in blood volume from before operation to 
the postoperative period is expressed in cubic centimeters 
per square meter of body surface. 

crease in blood volume greater than 200 cc., 18 
patients (44 per cent) had a decrease of more than 
200 cc. Insofar as could be determined, this de¬ 
crease was not related to any technical errors or 
to any incident of the operation or convalescence 
not directly related to the removal of the arterio¬ 
venous fistula. In several instances repeated ob¬ 


servations before and after operation verified the 
presence of the change, and revealed that the de¬ 
cline was in progress by three days postoperatively, 
and was apparently complete by 10 days. Obser¬ 
vations were not made earlier than three days post¬ 
operatively because it was felt that changes inci¬ 
dent to the operation might cause alterations in 
blood volume not due to the actual removal of the 
fistula. 

The findings reported here are in agreement 
with earlier reports that blood volume may be sig¬ 
nificantly elevated in patients with arteriovenous 
fistulas. It is not a consistent reaction, however, 
as changes were noted in only less than half of 
the patients studied. In an attempt to elucidate the 
cause of this blood volume change, an effort was 
made to relate the blood volume change with other 
alterations in the circulation. 

It appears that the size of the fistula is a major 
factor in determining the increase in blood volume. 
For instance, two of the four patients with the 
greatest change in blood volume had fistulas in¬ 
volving the iliac vessels. However, the actual size 
of a fistula is difficult to determine. Clinical evi¬ 
dences, such as the size of the vessels involved and 
the intensity of the thrill or murmur, give some 
evidence, although not entirely accurate, regard¬ 
ing the magnitude of the shunt. Actual measure¬ 
ment of the fistulous opening upon operation has 
not proved successful because of the variable de- 


PER CENT 
CHANGE IN 
CARDIAC 
INDEX 


CHANGE IN BLOOD VOLUME 



Fig. 2. A Chart Demonstrating the Relationship Between the Change in 
Cardiac Output and the Change in Blood Volume Following Removal of 
AN A-V Fistula 


The change in blood volume is expressed in cubic centimeters per square meter of 
body surface. 
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gree of vascular spasm. Measurement of the open¬ 
ing after removal from the body is difficult for the 
same reason plus the shrinking effect of tissue 
fixation. 

In many patients with arteriovenous fistulas the 
resting level of cardiac output is above normal (14). 
Since the elevation of the cardiac output above nor¬ 
mal might be proportional to the size of the fistula, 
correlation of the increase in blood volume with the 
increase in cardiac output was attempted (Figure 
2). To avoid the considerable range in basal 
cardiac output from person to person, the blood 
volume change was plotted against the per cent of 
deviation from normal of the cardiac output in the 
particular patient observed. In other words, if 
the preoperative cardiac output was twice that 
found as the postoperative basal value, a 100 per 
cent increase in cardiac output was plotted. The 
correlation coefficient was 0.26, a value which indi¬ 
cated that the correlation was not good. It ap¬ 
pears, however, that the size of the fistula may be 
at least one of several factors in the changes lead¬ 
ing to an increased blood volume. 

It has repeatedly been observed that in patients 
with arteriovenous fistulas the heart size, deter¬ 
mined roentgenologically, may become abnormally 
large, and after the fistula is removed, it returns 
to normal size (20). Since there is evidence to 
suggest that the heart size is related to the blood 
volume, these two findings were correlated. 


Twenty-nine of the patients had satisfactory teleo- 
rocntgcnograms of the heart made before and after 
operation. In many instances there were repeated 
observations. The change of blood volume was 
plotted against the change in the transverse diam¬ 
eter of the heart in Figure 3. The correlation co¬ 
efficient of value 0.36 indicates that a significant 
degree of correlation was not present. This is 
not entirely surprising in view of recent evidence 
that in normal subjects the rapid increase in blood 
volume of about 1,000 cc. failed to produce a 
distinct change in heart size (21). Holman found 
a change in heart size in dogs upon increasing or 
decreasing the blood volume, but he studied 
changes of much greater magnitude than seen in 
patients with arteriovenous fistulas (I). A change 
of 500 cc, in a dog such as he studied is equivalent 
to a change of approximately 4,000 cc, in a human. 
In neither of the afore-mentioned studies was the 
increase in blood volume accompanied by an in¬ 
crease in extracellular fluid volume, which if pres¬ 
ent might alter the situation considerably. It ap¬ 
pears likely that other factors, such as the increased 
demand on the heart, play a major role. 

An attempt was made to relate the increase in 
blood volume to the duration of the fistula. Our 
data are not satisfactory for this purpose, however, 
because so few patients had large fistulas of long 
duration. Most of the patients with lesions of con- 



FiG. 3. The Change in Blood Volume Plotted Against the Change in Heart 

Size 

The change in heart size is expressed as the change in transverse diameter of the 
heart determined from the teleoroentgenogram. 
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siderable age had rather small fistulas which had 
often escaped notice by the patient and physician. 

Our results demonstrate that in some patients 
with arteriovenous fistulas there is a significant 
increase in blood volume. After operative removal 
of the fistula, the blood volume, if elevated, re^ 
turns to normal. Since the basic factors control¬ 
ling blood volume in the normal person are so 
little understood, it is not surprising that we can¬ 
not explain the’increased blood volume in these 
patients. 

It is possible that with some large venous chan¬ 
nels engorged with blood, the mechanisms con¬ 
trolling the blood volume might be misled. Since 
the amount of blood remaining in the rest of the 
vascular bed would be less than normal, increased 
production of blood might be stimulated. This 
could be the basic mechanism causing the in¬ 
creased blood volume. There is also the possibility 
that the increased venous pressure in the region 
of the fistula may dilate the vascular bed in that 
region, thus increasing its capacity for blood and 
spurring the demand for more blood. 

It has been suggested that the increase in blood 
volume seen in patients with arteriovenous fistu¬ 
las merely represents the increase in blood volume 
seen in patients with any type of congestive heart 
failure (6) ; that is, it may be the increase in blood 
volume of cardiac failure rather than that of ar¬ 
teriovenous fistula per se. Although none of the 
patients observed in these studies developed the 
complete clinical picture of cardiac failure, it can¬ 
not be denied that there may be a similar mecha¬ 
nism in the causation of their increased blood 
volume. 

SUMMARY AND CONCLUSIONS 

1. Observations on the blood volume have been 
made before and after operative removal of an ar¬ 
teriovenous fistula in 41 patients. 

2. In 56 per cent of the patients there were 
changes in blood volume of less than 200 cc. per 
square meter of body surface. This was not con¬ 
sidered a significant variation. 

3. In 44 per cent of the patients the decrease in 
blood volume after operation ranged from 200 cc. 
to 1,060 cc. per square meter of body surface, indi¬ 
cating an abnormally large blood volume in the 
presence of the fistula. 


4. The relationship of the change in blood vol¬ 
ume to the size and duration of the fistula, the car¬ 
diac output, and the changes in heart size have 
been studied. In general, the patients with an ele¬ 
vated blood volume were those with clinical evi¬ 
dences of a functionally large fistula. 

Miss Maurinc Giese and Miss Mary Margaret Steele 
gave valuable technical assistance. 
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INTRODUCTION toward evaluation of possible relationships be- 

Inability to predict the time of occurrence of tween the disease and pituitary or adrenocortical 

spontaneous diureses in the nephrotic syndrome function. As an integral part of the approach, 

has retarded investigations of the physiologic attempt was made to disclose, if possible, 
changes which may precede, accompany, and fol- consistent changes which might precede the 
low these heartening but enigmatic events. It has outset of diuresis^ and, to this end, as many 
been demonstrated recently that several agents relevant physiologic measurements as practica- 
(1-5) are capable of inducing diureses at a pre- made. These included: blood volume; 

dictable time in a far higher percentage of trials discrete kidney functions; concentrations of elec- _ 
than could be attributed to chance. Adrenocorti- trolytes and nitrogenous constituents of serum; 
cotrophic hormone (ACTH) is one such agent, metabolic balances of electrolytes and nitrogen; 
and the abrupt, profuse, and sustained diureses serum lipid fractions; and urinary protein and 
which may accompany or follow its administration sediment. 

are clinically similar to the dramatic diureses which f’een possible from any one or com- 

occur spontaneously. Clinical observations on the ^nation of changes to predict when diuresis would 
effect of ACTH " on a group of children with the occur in relation to administration of ACTH. 
nephrotic syndrome is the subject of a separate re- most striking changes observed after the out- 

port (6) in which the possible clinical significance ^^t of diuresis were increases in plasma volume and 
of the results is also discussed. Serial physiologic unexpectedly large increases in glomerular filtra- 
measurements were made on selected patients be- tion rate (GFR). These changes together with 
fore, during, and after administration of ACTH. observations on other discrete kidney functions 
These observations were directed toward an in- ^>"6 described in the present paper. Observations 
creased understanding of the syndrome itself and other measurements will be the subject of a ' 
especially of the mechanism of diuresis rather than subsequent report (7). 

SUBJECTS AND METHODS 

Observations were made on eight children with the 
nephrotic syndrome whose clinical status and course dur¬ 
ing ACTH administration is described in a separate re¬ 
port (6). Clinical data relevant to the observations 
presented here are included in Table 1. 

Various combinations of the following measurements 


^ Presented in part before the Society of Pediatric Re¬ 
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were made before, during, and after administration of 
ACTH: daily weight; plasma volume and hematocrit; 
clearances of inulin (Cm); endogenous creatinine (Cen) ; 
thiosulfate (Cimo) and p-aminohippurate (Cpaii) ; and 
maximum tubular excretion of PAH (Tmpau)’ I*' three 
children (I. C., K. N., J. S.)> 24-hour clearances of en¬ 
dogenous creatinine (Cok-:i) were measured. These 
children were on low salt (20 meq. per day) but other¬ 
wise normal diets. Most of the time they were ambulatory 
and normally active. 

Methods for inulin, p-aminohippurate, urea (8) and 
endogenous creatinine (9), in blood and urine, and the 
catheterization and infusion technic used for short-term 
simultaneous clearances have been described (8). Serum 
and urine thiosulfate concentrations were determined by 
the method of Newman, Gilman, and Phillips (10). 
CcR -21 was calculated using 24-hour creatinine e.xcretion 
and mid-point serum values interpolated from creatinine 
determinations made one to three days apart. Plasma 
volume was measured with T-1824 using a single 10- 
minute blood sample and the acetone extraction method 
of Chinard and Eder (11) for lipemic sera. Blood volume 
was calculated from plasma volume and hematocrit (12). 



Fig. 1. Relation of Changes in Body Weight, 
Plasma Volu.me, and Clearances of Inulin and 
p-Aminoiiippurate to ADMiNisTa<moN of ACTH in 
A Child with the Nephrotic Syndrome 


RESULTS ® 

Changes observed in discrete kidney functions 
and plasma volume in relation to hormone adminis¬ 
tration are given in Table I. Data from B. B. and 
I. C. are shown graphically in Figures 1 and 2. 

Glomerular filtration rate 

The most striking changes observed during or 
following diureses associated with ACTH adminis¬ 
tration were marked increases in Cin. Such in¬ 
creases were observed on eight occasions in six of 
the eight children and were greatest in patients 
with low initial values. Thus increases in Cin of 
179, 211, 190, 50, and 256% above control values 
were observed respectively in I. C., K. N., B. B., 
M. L., and S. S. ° In B. B., this change in Cin 
represents an increase from 35 to 133% of normal 
(Figure 1). In the three children whose initial 
values were within the normal range, measure- 

5 The frequency with which diuresis has been observed 
with ACTH in children with the nephrotic syndrome is 
reported separately (6). In this group of eight children, 
selected because measurements had been made both be¬ 
fore and after ACTH, a diuresis failed to occur in only 
one of 14 courses. This failure occurred when only SO mg. 
per day for three and one half days was given to a child 
(I. C.) who diuresed on three other occasions with 
larger dosages. 

®Only a small fraction of the observed increases in Cm 
could be related to increases in rate of urine flow during 
diuresis. 


merits of Cin showed no significant increase in two 
(J. S. and R. T.), but revealed an increase to the 
high value of 123% of normal in one (R. K.). 
Failure to observe an increase in Cm following 
diuresis (as in I. C., February 1) may possibly be 
due to failure to make the measurement at the 
proper time as discussed later. 

In an attempt to determine when changes in 
GFR occurred and to follow their course, 24-hour 


clearances of endogenous creatinine were meas¬ 
ured. The ratio of Cor : Cin is irregularly greater 
than one in children with kidney disease (17). 
Consequently, repeated short term measurements 
of this ratio were made to relate changes in the 24- 
hour clearance to changes in GFR. Even though 
changes in this ratio were taken into account, Cob- 24 
was interpreted only as reflecting changes in rather 
than as an absolute measure of GFR. Despite these 
reservations, changes in Cor -24 were sufficiently 
large to demonstrate that GFR increased during 
the first 24 hours of diuresis, as shown in Figure 2. 


Additional impressions concerning changes,in GFR 
during and following ACTH administration are 
gained from inspection of the data from I. C. 


7 In this patient and in others receiving cortisone in 
larger dosages no diuresis occurred and no increase in 
GFR was observed. On the contrary, a marked fall in 
GFR was observed in S. S. IS days after he had re¬ 
ceived 100 mg. of cortisone in seven days. There are not 
sufficient data to indicate the significance of this observa¬ 
tion. 
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Fic. 2. Relation of Chances in Body Weight and Clear¬ 
ances OF Inulin and Endogenous Creatinine to Administra¬ 
tion OF ACTH IN A Child with the Nephrotic Syndrome 


The decrease in Cciusi seen during the first course 
of ACTH administration (January 4 to 16) has 
been observed in other patients and was often 
associated with a marked rise in serum urea ni¬ 
trogen and endogenous creatinine. These changes 
suggest a temporary fall in GFR during ACTH 
administration. The low value for Cin measured 
on February 28, one day after a three day course 
of ACTH which did not induce diuresis, lends sup¬ 
port to this impression.® The pattern of changes 
in Cce -24 in Figure 2 suggests that each diuresis 
was accompanied by an increase in GFR and fol¬ 
lowed by a decrease from the maximum value 
with subsequent stabilization at a value slightly or 
markedly above the control. It is possible that the 
fall in GFR may already have occurred when Cjh 
was measured on February 1, 1950, since re-ac- 
cumulation of edema already had begun. Re¬ 
peated responses to ACTH may, however, be as- 

® CcB, measured simultaneously with Cin, showed a com¬ 
parable decrease at this time. Failure of Cob-ji to reflect 
this decrease may be partly explained by the inaccuracy 
of calculating clearances using mid-point values for se¬ 
rum creatinine concentrations interpolated from determi¬ 
nations made on fasting samples taken at intervals of 
several days ( 18 ). Cce-m was consistently higher than 
CcB which might be expected from the fact that the latter 
was always measured early in the day with the subject 
at rest and in a fasting state, whereas the former might 
be affected by such factors as eating and activity. 


sociated, as shown in Figures 1 and 2, with a pro¬ 
gressive increase in GFR to normal (I. C.) or 
even “supernormal” values (B. B.). 

Changes of this order of magnitude in Cin in 
children with diseased kidneys must raise the ques¬ 
tion of the validity of Cin as a measure of GFR 
under these conditions. This question becomes 
especially pertinent in view of the consistent 
changes observed in three children (I. C., K. N., 
and B. B.) in the Cce : Cin ratio which decreased 
from a range of 1.5 to 1.9 before to a range of 1.0 
to 1.4 after diuresis. However, the reasonably 
good agreement between Cin and Cthio (Othio: 
Cin ratios ranging from 0.9 to 1.2) at both de¬ 
creased and increased values of Cin provides evi¬ 
dence that Cin was a measure of GFR in these 
children. The changes observed in the Ccb : Cin 
ratio are unexplained at present. 

Effective renal plasma flow {Cpj.h) 

Significant and consistent increases in Cpatt 
were observed to accompany increases in Cin dur¬ 
ing diureses occurring with ACTH. However, 
increases in Cp att were consistently less than those 
in Cin so that in the six children (I. C, K. N., 
B. B., R. K., M. L., and S. S.) who showed an in¬ 
crease in Cin the Cin : Cpah ratio increased from 
a range of 0.10 to 0.17 before to a range of 0.22 
to 0.32 after diuresis. Whether these changes 




■Measurements of discrete kidney functions* and plasma volume in relation to hormone administration 
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in the Cix: Cpau ratio are associated with vascular 
changes or alterations in the permeability of the 
glomerular membrane cannot be assessed at 
present. 

Maxhiium tubular excretion of PAH 

Increases in Tm^au accompanied increases in 
CiN in two children (IM. L. and S. S.) in whom it 
was measured before and during diuresis. The 
changes in Tmpah were less than those in Cin so 
that the Cin : Tmpah ratios increased from initially 
lo%v values before to higher values. In the remain¬ 
ing child in whom repeated measurements of 
Tmpah were made, no change in Cm was observed 
and the changes in TjfpAH u’ere irregular. 

Plasma and blood volume 

Increases in plasma volume during or after diu¬ 
resis were observed in four out of five children in 
whom such observations were made. The changes 
in I. C., K. N., B. B., and J. S. were 29, 17, 26, and 
WJo respectively, above the control values. Cor¬ 
responding increases in blood volume in I. C., 
K. N., and J. S. were observed but the changes 
were proportionately less because of decreases in 
hematocrit values. Failure to observe an increase 
in plasma volume in R. K. may possibly be ex¬ 
plained again by a failure to make the measure¬ 
ment at the proper time. 

DISCUSSION 

Prompt increases above initially reduced rates 
of glomerular filtration are commonly seen during 
the early stages of acute nephritis in children. 
On the other hand, reduced clearances in children 
with the nephrotic syndrome of several months’ 
duration have been interpreted as indicating a less 
reversible process. The rapid increases in glo¬ 
merular filtration rate reported here in children 
who had reduced kidney function and who were 
given ACTH demonstrate, therefore, a potential¬ 
ity for improvement in function beyond that com¬ 
monly considered possible in children with the 
nephrotic syndrome. 

There is no evidence and it is not implied that 
these results are peculiar to diureses induced by 
ACTH. Although the magnitude of the changes 
was somewhat greater than those previously re¬ 
ported with other agents (1, 4, 19), it is entirely 


possible and probable that quantitatively similar 
changes may accompany spontaneous or induced 
diureses. 

The results described have no bearing on the 
question of whether pituitary or adrenal cortical 
hormones have any direct relationship to the ne¬ 
phrotic syndrome. They do indicate that ACTH 
administration may induce repeated diureses at 
predictable times permitting serial measurements 
of changes which may accompany and be involved 
in the mechanism of diuresis. Thus large in¬ 
creases in glomerular filtration rate and significant 
increases in plasma volume were observed during 
diureses in these children. These observations 
lend support to the concept (20) that increases in 
plasma volume and in glomerular filtration rate 
accompany and may be involved in the mechanism 
of diuresis in children with the nephrotic syndrome. 

SUMMARY 

Profuse, sustained diureses occurring at pre¬ 
dictable times in a high percentage of trials dur¬ 
ing or following administration of ACTH to chil¬ 
dren with the nephrotic syndrome permitted obser¬ 
vations on changes which may accompany and be 
involved in the mechanism of diuresis. Serial 
measurements of discrete kidney functions and 
plasma volume are reported before, during and 
after 13 such diureses in eight children. The re¬ 
sults indicate: 

1. In five children with initially reduced rates 
of glomerular filtration, increases in inulin clear¬ 
ances ranging from 50 to 256% above control 
values were observed during or following diureses 
on five out of six occasions. In three observations 
on three children with rates of glomerular filtra¬ 
tion initially within the normal range, an increase 
of 54% was observed in one. Thus in nine obser¬ 
vations where inulin clearances were measured 
before and after the outset of diuresis, significant 
increases were observed in six. 

2. Daily 24-hour creatinine clearances, meas¬ 
ured in one of the three instances in which no 
marked increase in inulin clearance was observed 
after diuresis, suggest that glomerular filtration 
rate did increase during diuresis. In addition, the 
24-hour clearances suggest that a marked increase 
in glomerular filtration rate during diuresis may 
be followed by a decrease from the maximum 
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value, but with subsequent stabilization at a value 
slightly or markedly above the control. Repeated 
responses in children with reduced function may 
then be associated with a progressive increase to 
normal or even “supernormal” values. 

3. A consistent decrease in the endogenous cre¬ 
atinine; inulin clearance ratio was observed as 
glomerular filtration rate increased. However, 
clearances of thiosulfate and inulin showed reason¬ 
ably good agreement at both high and low rates 
of glomerular filtration. 

4. Clearances and maximum tubular excretion 
of p-aminohippurate increased during diuresis 
but proportionately less than inulin clearances. 
Consequently, increases in the Cjn : Cpau and the 
CiN: Tmpah ratios were observed as rates of glo¬ 
merular filtration increased. 

5. In four of five observations on five children, 
increases in plasma volume (T-1S24) ranging 
from 11 to 29% above control values were ob¬ 
served during diureses, 

CONCLUSIONS 

1. Diureses occurring during or following ad¬ 
ministration of ACTH to children with the ne¬ 
phrotic syndrome are usually associated with 
marked improvement in kidney function. Re¬ 
peated diureses in children with initially reduced 
function may be associated with progressive in¬ 
creases in rates of glomerular filtration to normal 
values. These observations demonstrate a po¬ 
tentiality for improvement in function beyond that 
commonly considered possible in the nephrotic 
syndrome of many months’ duration. It is be¬ 
lieved that these changes are not peculiar to diu¬ 
reses associated with ACTH administration but 
may accompany spontaneous or other types of in¬ 
duced diureses. 

2. The changes observed in plasma volume and 
glomerular, filtration rate support the concept that 
increases in plasma volume and glomerular filtra¬ 
tion rate are associated with the mechanism of 
diuresis in children with the nephrotic syndrome. 
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THE EFFECTS OF ADRENOCORTICOTROPIC HORMONE AND CORTISONE IN 
THE ADRENOGENITAL SYNDROME ASSOCIATED WITH CONGENITAL 
ADRENAL HYPERPLASIA: AN ATTEMPT TO EXPLAIN AND 
CORRECT ITS DISORDERED HORMONAL PATTERN - 

Bv FREDERIC C. BARTTER.^ FULLER ALBRIGHT, ANNE P. FORBES, ALEX¬ 
ANDER LEAF,^ ELEANOR DEMPSEY, and EVELYN CARROLL 

(From the DcpariviCHt of Medicine of the Harvard Medical School and the Medical Service 
of the Massachusetts General Hospital, Boston) 

(Subiiiitlcd for publication November 2, 1950; accepted, December 9, 1950) 


The adrenogenital syndrome associated with 
congenital adrenal hyperplasia (1) is in many 
of its aspects the direct opposite of the other 
syndrome which may result from adrenal hyper¬ 
plasia, namely, Cushing’s syndrome (2). For 
example, the former is characterized by rapid 
growth before epiphyseal closure, and an increase 
in strength, muscle mass, and skin thickness, 
whereas the latter is characterized by cessation of 
growth before epiphyseal closure, and a decrease 
in strength, muscle mass and skin thickness. 

Since the effect of adrenocorticotropic hor¬ 
mone (ACTH) in subjects with normal adrenals 
is essentially to produce a temporary “Cushing’s 
syndrome medicamentosa’’ (3-7) it was of interest 
to observe the effects of ACTH in the adreno¬ 
genital syndrome. The first part of this report 
concerns the effects of ACTH in three female pa¬ 
tients with the adrenogenital syndrome. 

The results, which were surprising, led to the 
supposition that cortisone might inhibit the exces¬ 
sive production of androgens in these patients. 
The second part of this report concerns the ef¬ 
fects of cortisone in two female patients with the 
adrenogenital syndrome. 

METHOD 

With the exception of the long-term studies which are 
still in progress (vide infra) all studies were carried out 

^ Reported in part at the Proceedings of American So¬ 
ciety for Clinical Investigation, May 1, 1950. (J. Clin. 

Invest, 1950, 29, 797.) 

^ The expense of these studies was defrayed by a grant 
from the Rockefeller Foundation, a grant from Ayerst, 
McKenna and Harrison, Ltd., and grants from the Ameri¬ 
can Cancer Society. A bed supported by Mr. Edward 
Mallinckrodt, Jr., on the Metabolic Ward was used for 
these studies. 

® Surgeon, U.S.P.H.S., National Heart Institute. 

* National Research Council Fellow in the Medical 
Sciences, 1949-1951. 


on the Metabolic Ward. The diet and fluid intake were 
kept constant throughout each study. Stools were col¬ 
lected in six day periods, and urines in one to six day 
pools. Stools and diets were analyzed for N, P, Ca, K, 
Na, and Mg,® and urines for these constituents and for 
Cl, “reducing steroids,” and 17-ketosteroids. Fasting 
blood for determination of circulating eosinophils, and of 
scrum glucose, Ca, P, Mg,® Na, K, Cl, and CO 2 was 
drawn at appropriate intervals. The following methods 
were used: Magnesium—Briggs (8) ; reducing steroids— 
Talbot and his associates (9) and Heard, Sobel and Venn¬ 
ing (10); eosinophil counts— Hills, Forsham and Finch 
(11), except that the blood was diluted 1:10 instead of 
1:20; the remaining determinations—as described else¬ 
where (12). 

CASE HISTORIES 

C. O., M.G.H. No. 169, 536, was a 13 year old girl who 
had been seen first at the age of five because of the pres¬ 
ence of pubic hair since the age of two. Growth pro¬ 
ceeded rapidly, with markedly advanced bone age, and 
ceased by the age of nine with epiphyseal closure. 
Menses had not appeared. 

Physical examination revealed an abnormally muscu¬ 
lar girl, a height and span both of 51\f> inches, a large 
thyroid cartilage, a deep voice, temporal recession of the 
hairline, hirsutism of face and body, a large amount of 
pubic and axillary hair, scant breast tissue, a very large 
clitoris, absent labia minora, and a common external ori¬ 
fice of urethra and vagina. X-rays revealed no adrenal 
tumor after air insufflation, and a normal skull. Re¬ 
peated chemical analyses revealed normal serum glucose, 
Na, Cl, K, Ca, P, COa content, and alkaline phosphatase. 
A Cutler-Powcr-WiJder test revealed a normal four hour 
chloride excretion. Twenty-four hour urine specimens 
contained normal amounts of reducing steroids, sub¬ 
normal amounts (less than 2.8 mouse units) of “cortin” 
(13), and very large amounts (60 to 70 mg.) of 17- 
ketosteroids. 

An electroencephalogram was read by Dr. John Abbott 
as follows: “This is an abnormal record for her age. It 
shows a mild, diffuse, slow-wave cerebral dysrhythmia 
(many six per second waves). Voltages are slightly 
higher on the right” 

T. McH., M.G.H. No. 586, 528, was a ten year old girl 

® Not done on patient C. O. 
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Fig. 1. N, P, and Ca Balances, Urinary Ca, and Serum P and Ca 
DURING Administration of ACTH to C. O., a 13 Year Old Female with 
THE Adrenogenital Syndrome 

Balance data in this and subsequent charts are plotted as follows; There is 
a horizontal base line; intake is charted downward from this base line; the 
urinary and fecal excretions are then measured upward from the intake line 
towards the base line. If the output (fecal and urinary) exceeds the intake, 
the final level will be above the base line; if it does not, the final level will 
be below the base line. Thus a negative balance is indicated by a shaded 
area above the base line, and a positive balance by a clear area below the base 
line. The scales for N, P, Ca, and K metabolism are so chosen that (for 
changes in protoplasm and bone) the area representing P balance should 
equal the sum of the corresponding areas for N and Ca; and that representing 
K balance should equal that for N. 
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who was referred to us by Dr. Gertrud Ryersbach. She 
had been seen first at the age of eight because of the pres¬ 
ence of pubic hair ^ince the age of four. Growth pro¬ 
ceeded rapidly, with markedly advanced bone age. Menses 
had not appeared c.\ccpt upon withdrawal of estrin 
therapy, which had been tried without appreciable effect 
on the virilism. 

Physical c-vamination revealed a well-developed girl, 
a height and span of 65 and 65'}4 inches respectively, a 
slightly enlarged thyroid cartilage, a voice not deeper 
tlian that of a normal adult female, a large amount of 
pubic and a moderate amount of axillary hair, a moderate 
amount of breast tissue (estrogen therapy), a very large 
clitoris, and otherwise normal external genitalia. X-rays 


revealed a normal skull. Repeated chemical analyses re¬ 
vealed normal serum glucose, Na, Cl, K, Ca, P, COs con¬ 
tent, and alkaline phosphatase. A Kepler water test gave 
a normal result. Twenty-four hour urine specimens con¬ 
tained normal amounts of reducing steroids, and large 
amounts (14 to 18 mg.) of 17-ketosteroids. 

Ten electroencephalograms were read by Dr. John 
Abbott as follows: “These are abnormal records for her 
age. They show severe diffuse, slow-wave cerebral dys¬ 
rhythmia (random waves and paroxysmal runs, notably 
three per second waves reaching 150 micro-volts, and 
si.x per second waves reaching 175 micro-volts). Volt¬ 
ages are markedly higher, and dysrhythmia is more pro¬ 
nounced, on the right. These abnormalities are especially 


CO. nunt MCis 
AMCHO-GEMTAl. STNOnOME 
3/31/47 I69S3S 


U coy UTCR 
G 



Fig. 2. K and Na Balances, Urinary Cl and Cortin, and Serum K, Na, 
Cl and COs Content in Experiment Shown in Figure 1 
For interpretation of cortin see Forbes, Griswold and Albright (25). 
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marked in the occipitoparietal region a little to the right 
of the midlinc. There arc traces of normal alpha ac¬ 
tivity at eight per second and 50 micro-volts.'' 

On explorations by Doctor Oliver Cope, the internal 
genitalia were found to be of the normal female structure; 
ovarian biopsy revealed developing follicles; the right 
adrenal gland was not grossly abnormal to palpation; and 
the left adrenal cortex showed hypertrophy on biopsy. 

R. H., AI.G.H. No. dOl, 611, was a 12 year old girl 
who had been seen first at the age of five because of the 
presence of an enlarged clitoris since the age of three 
months and pubic hair since the age of four. Growth pro¬ 
ceeded rapidly, with advanced bone age, and ceased by 
the age of nine with epiphyseal closure. Menses had not 
appeared, even on withdrawal of estrogen therapy, which 
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Fig. 3. 17-Ketosteroids and “H-Oxycorticoster- 
oiDS,” Actual Weight, and Theoretical Weight 
Based on N, Na, and K during Experiment Shown 
IN Figure 1 

For calculation of theoretical weight see Reifenstein and 
associates (12). The upper limit of normal for “ll-oxy- 
corticosteroids” by this method is 0.44 mg. per 24 hours 
(26). 


had been tried without apiireciablc effect on the virilism. 

Physical examination revealed a well-developed girl, 
a height and span lioth of 62 inches, a slightly enlarged 
thyroid cartilage, a moderately deep voice, slight temporal 
recession of the hairline, hirsutism of the upper lip and 
body, large amounts of pubic and axillary liair, a moder¬ 
ate amount of breast tis.sue (estrogen therapy), a very 
large clitoris, absent labia minora, and a common ex¬ 
ternal orifice of urethra and vagina. X-rays revealed 
normally placed kidneys and a normal skull. Repeated 
chemical analyses revealed normal scrum glucose, Na, 
Cl, K, Ca, P, COj content, and alkaline phosphatase. 
Twenty-four hour urine specimens contained normal 
amounts of reducing steroids and large amounts (17 to 
25 mg.) pf 17-kctosteroids. 

Four electroencephalograms were read by Dr. Jolin 
Abbott as follows: “These are abnormal records for her 
age. Tiiey show a tiiffusc, slow-wave, cerebral dysrhy¬ 
thmia (four to six per second waves). The abnormality 
is somewhat more marked on the left. There is some 
normal alpha activity at around eight to nine per second 
.and 40 micro-volts.” 


RESULTS 

The overall design of each metabolic study may 
be seen by inspection of Figures 1, 4, and 7. 
Seven courses of therapy were given as shown in 
Table I, The metabolic effects of the two hor¬ 
mones are best considered separately. 

/. ACTH 

a) Nitrogen metabolism 

ACTH did not produce a significantly negative 
nitrogen balance in any of the four courses of ad¬ 
ministration (Figures 1, 4, and 7). Indeed, when 
a daily dose of 200 mg. was given, there was actual 
nitrogen retention. This observation is contrary 
to the experience of ourselves (14, 15) and others 
(3-6) in patients with essentially normal adrenal 
cortical function. Figure 10 is a scatter diagram 
contrasting the total six day N excretion of other 
patients given comparable doses of ACTH with 
that of these patients. 

b) Phosphorus metabolism 

When 200 mg. of ACTH were given to patient 
T. McH. (Figure 4) there was retention of P 
commensurate with that of N, on the assumption 
that protoplasm was formed (12). In the other 
experiments (Figures 1 and 7) ACTH did not 
affect P balance or serum P. 
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TAULE I 


The dosage and duration of ACTH and cortisone administration and the composition of the diet 

in the metabolic studies reported 


Wt. at 
start of 
treatment 

Patient 

Oruii 

Daily dose 

1 

Units 
pressor 
per dayt 

No. of 
days 

CHO 

Fat 

Protein 

Calories 


C. 0. 

ACTH 

nif.* 

37 

mf .♦ per kt. 

,71 

2.6 

12t 

250 

103 

83 

2258 

55 

T. McH. 


84 

1.53 

4 

12 

246 

61 

74 

1828 

60 

T. McH. 


200 

3.33 

8 

12 

388 

57 

59 

2317 

47 

R.H. 


84 

1.79 

4 

9 

179 

57 

54 

1446 

53 

T. McH. 

Cortisone 
acetate § 

100 

1.90 


12 

246 

61 

74 

1828 

45 

R. H. 

Cortisone 

acetate 

100 

2.22 


12 

179 

57 

54 

1446 

43 

R. H. 

Combined ACTH 
and cortisone 

88 

100 

2.05 

2.32 

4 

8 

179 

57 

54 

1446 


* Expressed as equivalents of Armour Standard La lA. 

t The pressor is present in the ACTH as contaminant and was assayed by the Armour Laboratories, 
t On the 12th day, 55 mg., or 1.06 mjj. per kg., were given. 

§ Stilbestrol, 5 mg. a day, was administered throughout this experiment. 


TUcH. FCIULE Mia 
ADAtMO-CeNTTAC 
sTxnoue 
12/6/49 386926 


STLBeSTROL 9M0/24Ka 


U0y241fi. UCy24KR 



ua /24HR 



Fig. 4. N, P, and Ca Balances, Urinary Ca, Serum P, Ca and Diffusible Ca during Administration of ACTH 
and Cortisone to T. McH., a Ten Year Old Female with the Adrenogenital Syndrome 
The determinations of diffusible Ca in this and the subsequent experiments were done for us by Dr. John Dawson. 
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c) Calcium metabolism 

There was a rise in urinary calcium with ACTPI 
in all experiments save that on C.O. (Figure 1). 
As discussed elsewhere (7, 16) this effect may be 
due to the pitressin present in the ACTH as a con¬ 
taminant (Table I). Comparison of the actual 
weight curves with the “theoretical” weight curves 
based on N-plus-K-plus Na (Figures 3, 6, and 9) 
shows that water was retained without electro¬ 
lytes during ACTFI therapy—presumably a pitres¬ 
sin effect—in the experiments on T. McH. and 
R. H. Water was not retained in C. O., and she 
showed no rise in urinary calcium. 

d) Potassium metabolism 

ACTH produced a slight, unsustained retention 
of K in all experiments. This is in contrast to 
our previous experience (7), wherein a transi¬ 


tory rise of urinary K, with negative balance, on 
the first day of therapy, and a transitory fall, with 
positive balance, on the first or second day after 
stopping have been among the most constant ef¬ 
fects of ACTH. This is shown in Figure 11, 
wherein the effect of ACTH on urinary K excre¬ 
tion in 12 experiments on patients with essentially 
normal adrenal cortical function is contrasted with 
that in these patients. 

c) Sodium ami chloride metabolism 

In the first experiment on T. McH. and that on 
C. O., ACTH had no appreciable effect on Na or 
Cl metabolism (Figures 2 and 5). In the other 
two experiments, slight loss of Na and Cl oc¬ 
curred (Figures 5 and 8). As discussed else¬ 
where, the effect of these preparations of ACTH 
upon Na and Cl appears to be a resultant of the 
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Fig. 5. K, Na and Mg Balances, Urinary Cl and Serum K, Na, Cl, C0» 
Content, and Mg during the Experiment Shown in Figure 4 
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Fic. 6. Urinaky 17-Ketosteuoids and “Reducing Steroids,” Actual and Theoretical Weight Based on N, Na, 

AND K DURING EXPERIMENT SHOWN IN FIGURE 4 
The upper limit of normal for reducing steroids by this method is 5 mg. per 24 hours. 


sodium-retaining properties of the adrenal steroids 
and the sodium diuretic properties of contami¬ 
nating posterior pituitary substances (7, 17). 
Similar doses of these preparations of ACTH pro¬ 
duce sodium retention in patients with essentially 
normal adrenal cortical function, in spite of the 
presence of pitressin in quantities equal to or 
greater than those given here. Thus there is no 
evidence in these patients that sodium-retaining 
steroids were released in response to ACTH. 

Lewis and Wilkins (18) reported sodium loss 
following administration of ACTH for a single day 
to two patients with the adrenogenital syndrome. 
The amount of contaminating pitressin their pa¬ 
tients received was relatively high. It should be 
noted, however, that sodium retention very fre¬ 
quently fails to occur during the first 24 hours of 
ACTH therapy to patients who later show marked 
retention (4-7). 


/) Magnesimn metabolism 

Mg balances were measured during three of 
the four studies with ACTH. When a daily dose 
of 200 mg. was given (Figure 5) urinary Mg fell. 
In the other experiments (Figures 5 and 8) no 
consistent effect on Mg metabolism was noted. 

g) 17-Ketosteroids 

In all subjects the 17-'ketosteroid excretion was 
very high (19) for the age of the patient. In pa¬ 
tient C. O., ACTH produced no further rise in 
17-ketosteroid excretion (Figure 3) ; in T. McH., 
a questionable rise was produced with a dosage of 
84 mg., and a marked rise with 200 mg. a day 
(Figure 6). In patient R. H. a marked rise was 
produced with 84 mg. a day (Figure 9). 

h) Reducing steroids {‘'11 oxysteroids”) ' 

ACTH did not produce a significant rise in re¬ 
ducing steroids in any of the experiments (Figures 
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Fig. 7. N, P, and Ca Balances, Urinary Ca and Serum P, Ca, and Diffusible Ca 
AND Glucose During Administration of ACTH and Cortisone to R. H., a 12 Year Old 
Female with the Adrenogenital Syndrome 


3, 6, and 9). This result is in striking contrast to 
the elevations of urinary reducing steroids of two 
to ten times the normal values which have been 
consistently reported following similar doses of 
ACTH (3, 4, 6, 15). 

i) Circulating eosinophils 

The initial counts of fasting eosinophils were 
high in the two patients (T. McH. and R. H.) in 
whom they were done. With ACTH (Figure 12) 
there was a transient fall, followed by a rise to or 
above the initial values, despite continued ACTH 
therapy. This observation is in contrast to the 
well-documented observation (3-6) that the cir¬ 
culating eosinophils fall to approximately zero and 


remain there with comparable doses of ACTH in 
patients with essentially normal adreno-cortical 
function. 

j) Glycosuria 

No patient developed glycosuria at any time 
during therapy. 

Sunmiary of results of ACTH therapy 

In many respects, these patients responded ab¬ 
normally to ACTH. The failure to increase sig¬ 
nificantly the excretion of reducing steroids, to 
develop a negative N balance, or to show a large 
and sustained fall of circulating eosinophils is an 
indication that the output of “carbohydrate-active” 
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steroids ® (“sugar” hormone) following ACTH 
is markedly subnormal. The failure to develop 
transient K diuresis is an indication that the out¬ 
put of either “carbohydrate-active” or “salt-retain¬ 
ing” steroids or both is subnormal—if, indeed, 
these are separate hormones (20). The failure to 
develop Na and Cl retention is an indication that 
the output of “salt-retaining” steroids is similarly 
impaired. 

In one respect these patients responded nor¬ 
mally to ACTH. In spite of high initial levels, the 
urinary 17-ketosteroid excretion rose in all ex¬ 
periments except one, that on C. O. In this ex¬ 
periment the initial level was highest, and the 
lowest dose of ACTH was given. The urinary 17- 


® Probably these consist of Compound F, Compound E, 
or closely related steroids. 


ketosteroids are presumably (2) an index of the 
adrenal androgen which is responsible for the 
virilism in these patients, and the initially high 
values are of course a cardinal feature of the 
disease. 

These findings suggested two metabolic dis¬ 
orders in the pathogenesis of this condition: 
diminished ability of the adrenal cortex to respond 
to ACTH with an increased output of carbohy¬ 
drate-active and salt-retaining steroids, and an 
increased production of ACTH {vide infra) re¬ 
sulting in the abnormally high production of 
adrenal androgen (see also Figure 13). 

It was then postulated that a carbohydrate- 
active adrenal cortical hormone such as cortisone 
should depress the production of ACTH and thus 
diminish adrenal androgen production. Conse- 
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Fig. 8. K, Na, and Mg Balances, Urinary Cl, Serum K, Na, Cl, CO3 Content, and Mg, 
AND Plasma pH during the Experiment Shown in Figure 7 
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quently, cortisone acetate was administered in 
doses of 100 mg. a day for 12 days to patients 
T. McH. and R. H. 

II. Cortisone 

The metabolic effects of cortisone arc shown in 
Figures 4-9. The changes in P, Ca, K, Na, and 
Cl metabolism and in excretion of reducing steroids 
are not remarkable, and do not differ essentially 
from those previously reported (6) following the 
use of cortisone acetate at similar dosages. There 
was a slight fall of urinary Mg in both patients. 

Cortisone produced a rise in urinary N in both 
patients, resulting in a markedly negative N bal¬ 
ance in T. McH. (Figure 4) and increasing the 
already existing negative N balance in R. H. (Fig¬ 
ure 7). This result is contrary to those of 
Sprague and associates (6), Clark, Ropes- and 
Bauer (21), and ourselves (22), following the 


use of cortisone at this dosage in patients with 
other syndromes. Sprague and his co-workers 
state, “As a rule, the augmentation of nitrogen 
excretion was slight or absent when the dose of 
cortisone was 100 mg. daily.” 

The second striking result of cortisone therapy 
was the marked progressive fall in 17-ketosteroi(l 
excretion in both patients (Figures 6 and 9). The 
uritiary 17-ketosteroids remained low for eight 
(R. H.) and 12 (T. iMcH.) days, then rose gradu¬ 
ally to the pre-injection levels. A similar depres¬ 
sion of 17-ketostcroids with cortisone in a pa¬ 
tient with the adrenogenital syndrome has been re¬ 
ported by Wilkins and his colleagues (23). 

III. ACTH and Cortisone 

As stated above, we had believed, a priori, that 
the effect of cortisone would be to lower the uri- 
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Fig. 10. The Total N Excretion during the First 
Six Days of ACTH Administration to the Three 
Patients Reported, Contrasted with that in 11 Com¬ 
parable Experiments on Patients with Essentially 
Normal Adrenal Cortical Function, and One on a 
Patient with Myxedema 

Nitrogen excretions were calculated as deviations from 
the average of control values. Note decreased N ex¬ 
cretion in patients with the adrenogenital syndrome, and 
actual N retention with 200 mg. of ACTH in T. McH. 
( 2 ). 


nary 17-ketosteroi(i excretion by depressing pitui¬ 
tary ACTH production, and not by direct action 
on the adrenal gland. To provide further evidence 
on this point we decided to administer ACTH and 
cortisone together to patient R. H. If cortisone 
has a direct action on the adrenal cortex it should 
decrease the response to administered ACTH. 
The results show that the rise in 17-ketosteroid 
excretion resulting from ACTH together with 
cortisone (Figure 9, days S3 through 60) did not 


differ essentially from that resulting from ACTH 
alone (Figure 9, days 13 through 20). Thus they 
do not show direct action of cortisone on the 
adrenal cortex or on its response to ACTH in 
this patient. Hence, they support the view that 
cortisone acts by inhibiting endogenous ACTH. 

DISCUSSION 

a) Nitrogen metabolism 

Consideration of the adrenogenital syndrome, 
which may be associated with either hyperplasia 
or tumor of the adrenal cortex, leaves little doubt 
that the adrenal cortex may produce steroids 
which have virilizing properties. There is con¬ 
siderable circumstantial evidence (2) that the 
measurement of urinary 17-ketosteroids provides 
an index of the quantities of such steroids being 
produced. Further, there is clinical evidence (2) 
that these steroids may have somatotropic, nitro¬ 
gen-retaining, as well as virilizing properties. 

The present study provides two pieces of indi¬ 
rect evidence in support of the latter point. In the 
first place, when T. McH. received 200 mg. of 
ACTH a day, there Yvas a marked rise in 17- 
ketosteroid excretion without a significant rise in 
urinary reducing steroids. Under these circum¬ 
stances, nitrogen retention was increased.’’ Ni¬ 
trogen retention with ACTH has not heretofore 
been described, presumably because nitrogen loss 
with “sugar” hormone outweighs any nitrogen 
retention due to somatotropic hormones. In the 
second place, when T. McH. and R. H. received 
100 mg. of cortisone a day there was a marked 
fall in 17-ketosteroid excretion. Under these cir¬ 
cumstances, more loss of N was produced than 
has been observed following this dosage ® of 
cortisone. Thus in the first instance, with a rise 
of adrenal androgen unopposed by adrenal “sugar” 
hormone there was N retention, whereas in the 
second instance, with a fall of adrenal androgen 
there was an abnormally great N loss following 
exogenous “sugar” hormone. 

^ N retention did not occur in R. H. in spite of a greater 
rise in 17-ketosteroid excretion. This may be a result 
of qualitative differences in the precursors of the 17- 
ketosteroids in these two patients (13, 24). 

8 Either on an absolute or a mg. per kg. basis. 
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Days after, Administration of ACTH to the Patients Reported Contrasted with that 
IN 11 Comparable Experiments on Patients with Essentially Normal Adrenal Cortical 
Function 

The shaded area is that covered by two standard deviations above and below the mean normal 
curve (heavy black line). Note that patients with the adrenogenital syndrome did not show 
the K diuresis on starting nor the K retention on stopping ACTH. 


I?) Clinical implications 

During these short metabolic studies, no clini¬ 
cally apparent change in these patients was ex¬ 
pected or found. Subsequent to these studies, 
T. McH. has received continuously 100 mg. of 
cortisone twice a week (total duration, five months 
to date of writing) and R. H. 50 mg. twice a week 
(total duration, six months to date of writing). 

In neither patient has this therapy produced a 
fall in the number of circulating eosinophils; in 
both, it has maintained the 17-ketosteroid excre¬ 
tion at a level approximately normal (19) for the 
patient’s age and sex. T. McH. has begun to have 
regular periods with cramps. It is too early to 
say whether further virilism can be prevented by 
this form of therapy. 


c) Interpretation oj the pathological physiology 

There are a number of possible explanations 
for the findings reported here. One such explana¬ 
tion is shown graphically in Figure 13. It is 
postulated that adrenal androgen inhibits pitui¬ 
tary ACTH production relatively weakly, whereas 
“sugar” hormones inhibit ACTH relatively 
strongly. It is suggested that the primary defect 
in this syndrome is the decreased production of 
“sugar” hormone by the adrenal cortex in re¬ 
sponse to ACTH. One then has the following se¬ 
quence of events; 

1) lack of “sugar” hormone, 

2) failure of normal inhibition of ACTH, 

3) increased output of ACTH, and 

4) resulting increase of adrenal androgen. 
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DAYS 

Fig. 12. The Effect of ACTH on the Circulating 
Eosinophils in Three of the Experiments Reported 
(Broken Lines) Contrasted with that in Five Com¬ 
parable Experiments on Patients with Essentially 
Normal Adrenal Cortical Function (Solid Lines) 

Note the high initial level, and the comparatively 
slight and transitory fall in the patients with the adreno¬ 
genital syndrome. 

This schema does not require that the patients 
show an absolute deficit of “sugar” hormone, since 
the increased production of ACTH may com¬ 


pletely compensate for the inherent insensitivity 
to ACTH. 

That there is an increased production of ACTH 
in this syndrome has not been established. Dr. A. 
Albert (27) tested the serum of T. McH. and could 
not demonstrate the presence of ACTH. He did, 
however, demonstrate the presence of increased 
amounts of ACTH in the serum of one adult pa¬ 
tient from this clinic with a classical case of the 
adrenogenital syndrome. 

SUMMARY AND CONCLUSIONS 

1. Four courses of ACTH were administered 
to three female patients with the adrenogenital 
syndrome resulting from congenital adrenal hy¬ 
perplasia. The dosage ranged from .71 to 3.33 
mg. per day per kg. body weight, the duration 
from nine to 12 days. Studies included urinary 
17-ketosteroids, reducing steroids, glucose, and 
chloride, balances of N, P, Ca, K, Mg, and Na, and 
measurements of circulating eosinophils, serum 
P, Ca, K, Mg, Cl, COo and glucose. 

2. ACTH produced a rise in urinary 17-keto¬ 
steroids in three of the four courses, but none of 
its other usual metabolic effects. With the highest 
dosage of ACTH there was actual nitrogen reten¬ 
tion. 

3. Cortisone acetate was administered to two 
of these patients on the same regimen. The dos¬ 
ages were 1.90 and 2.22 mg. per day per kg. body 
weight, the duration 12 days. 

4. Cortisone produced a fall to normal and even 
below normal in the elevated urinary 17-keto- 
steroid excretion, and a negative N balance. The 
latter is exceptional at the dosages employed. 

5. ACTH (2.05 mg. per kg. per day) and 
cortisone (2.32 mg. per kg. per day) were ad¬ 
ministered together to one of these patients for 
eight days. The resulting rise in urinary 17-keto¬ 
steroids was essentially the same as that produced 
by ACTH alone. 

6. Cortisone acetate is being administered con¬ 
tinuously to two of these patients at dosages of 100 
and 200 mg. a week. At this dosage the urinary 
17-ketosteroids remain normal and the circulating 
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CORTICOIOS s\eIJi0S 


W3RMAL 


ACTH 



AORENO-CENITAL 


ACTH 



ACREf.O’OEHITAL 
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Fig. 13. Schema Illustrating a Possiule Exi'lanation for the 
Pathological Physiology ok the Adrenoge.nital Syndro.\ie and the 
Effect thereon of Compound E 


The square figures represent tlic adrenal cortex. “S” refers to carbohy¬ 
drate-active (“sugar”) hormones, precursors of urinary corticoids; “N” re¬ 
fers to “adrenal androgens," precursors of urinary 17-kctostcroids. 

It is postulated that “S” hormones inhibit ACTH efTectively (solid arrows 
directed backwards toward ACTPI), whereas “N” hormones do not (broken 
arrows directed backwards toward ACTPI). For further discussion see 
text. 


eosinophils are not depressed. One patient is 
having monthly periods with cramps. 

7. The above findings suggest that this syn¬ 
drome involves a primary defect of the adrenal 
cortex, and a secondary increase of pituitary 
ACTH production. 

8. In all patients the electroencephalograms 
showed asymmetry, elevation of voltages, and ab¬ 
normal slow waves. This finding is unexplained. 
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ERRATUM 

In Table VII of the article entitled “Acetylation Studies in Hu¬ 
man Subjects with Metabolic Disorders/' by H. Gershberg and 
W. J. Kuhl, Jr., in the December 1950 issue (pp. 1625-1632), the 
values for both total and free serum cholesterol are rngvi. per cent 
rather than as erroneously given. 
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ii^niiUUUCTION 

The rapid conversion of prothrombin to thro.i 
b n by thromboplastin plus calcium requires 
plasma component called “Labile Factor'' fn as 
w ich IS probably identical with plasma Aci'lobi 
bn and Factor V (4, 5), and with the prothrom 
accelerator of Fantl and Nance (6,7) 7 Deto or" 
non of th,s substance as plasma ages produces” 
increase m the prothrombin time (2,3,8) although 
he concentration of prothrombin rema ns ss» 

c ffiM ?T'‘ This defect Z Z 

prothrombin as well as of fibrinogen (II, 8), 
to Additiona infonnation regarding Labile Fac- 
( • ’) IS desirable for several reasons Its 
precise role m prothrombin conversionTobscu 

entity °f 

(12 substance has been described 

^""yt^^erinore. as will become evident 
the concentration of L F mnsi- j ’ 

sidprafJor, ; , ^ receive due con¬ 

sideration in procedures which measure prothrom- 

In certain hemorrhagic diseases the conversion 
of prothrombin to thrombin is reduced or retarded 

u-’t, j consumption test ” 

which demonstrates this defect, promLs t^be- 

come impo rtant m the investigation and diagnosis 


01 such disturbances, fn order to compute the 
'onsumption of prothrombin during coagulation, 
the precise amount of prothrombin in both serum 
HK Us parent plasma must be known. Obviously 
changes in the concentration of L.F. in the transi- 
tJon from plasma to serum may influence con- 
sicera ) the velocity of prothrombin conversion 
serum and, therefore, the determination of se¬ 
rum prothrombin by the one-stage procedure, 
since the prothrombin times may reflect the con- 
centration of L.F, as well as that of prothrombin 
> se , Under such circumstances the computation 
Of prothrombin consumption from differences be¬ 
tween plasma and serum prothrombic activities 
may be erroneous. 

Whereas the concentration of L.F. has been de- 
ermined in the plasma of man and other species 
( little is known regarding its level in serum. 

ns m ormation is presented in the present re¬ 
port. Also included is a method proposed for the 
determination of serum L.F. The data indicate 
at c unng and after coagulation changes in this 
cottmg factor occur which are considerably in- 
Huenced by conditions, pathological or induced, 
which affect clotting. 

METHODS 


^ Supported by a grant from The Commonwealth Ft 
Presented in part before the Federation of Ameri 

3 ft f f Biology, April, 1950 (T) 

should be pointed out that most investigators I 
that Labile Factor, Factor V, plasma Ac-globulin and 
fector of Fantl and Nance are identical. Thus Quick - 
S.rfa„fai (31, the „™s mUreOT, 11" 
nate one entity. Seegers and his associates (10) are 
dined to agree that Ac-globulin is the same as L.F. a 
Factor V ‘lO)- We (24) as well as Flynn and 1 
.coworkers (41) hold the same view. Definite proof i 
gardmg the identity of all these moieties, however 
still lacking. ' 


Prothrombin determination: The prothrombic activity 
ot oxalated plasma (one volume of 0.1 M sodium oxalate 
o nine volumes of blood) was determined on undiluted 
p asma by the orthodox one-stage procedure (18), and 
on diluted plasma by the modification (19) in which the 
test plasma is diluted with fresh normal oxalated pooled 
plasma rendered prothrombin-free fay adsorption with 
BaBO^.-t Prothrombin levels were calculated by inter¬ 
polating the observed prothrombin times on standardiza¬ 
tion curves obtained on normal plasma similarly diluted. 
Serum .prothrombin was measured similarly and also 


* Plasma so treated is hereafter referred to as "BaSO 
plasma." * 
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by tlic modified two-stage method of Ware and Scegers 

( 20 ). 

Labile factor: Pooled oxalated plasma from normal 
subjects was stored at •}-5°C for variable intervals dur¬ 
ing which its prothrombin time increased progressively. 
L.F. activities of test plasma or sera were measured by 
their restorative effects on the elevated prothrombin time 
of these aged plasmas in which the factor had largely 
deteriorated (8, 17). The restorative effect was deter¬ 
mined by adding up to one part of plasma or serum 
(whole or diluted with physiological saline) to four 
parts of the aged plasma, and by observing the prothrom¬ 
bin times of the nii.vtures. The values herein reported 
are the averages of several observations on each mixture. 
In ranges below -15 seconds the prothrombin times were 
always duplicable within two seconds; between 45 and 
60 seconds, within four seconds. 

Except where otherwise indicated, tlie serum was sepa¬ 
rated one hour after venous blood was allowed to clot 
in a glass tube at room temperature. The clot was 
rimmed and centrifuged, and the serum was removed and 
incubated at 37°C for 15 minutes in order to inactivate 
thrombin. The time interval between incubation of the 
serum and determination of its activity was noted. Ex¬ 
periments were run on non-oxalated as well as oxalated 
serum (1 oxalate to 4 serum). In some instances citrate 
(2.5 per cent sodium citrate) was used instead of oxalate. 
Also studied were sera which were subjected to adsorp¬ 
tion with BaSO( for 10 minutes at 37° C. Controls for 
the latter experiments were incubated for the same interval 
without BaSO,. 


Commercial thromboplastin (Difeo) and beef lung 
thromboplastin were used in the one- and two-stage 
methods, respectively. 

RESULTS 

The experiments reported below are typical of 
a series of experiments performed under the same 
conditions. 

Comparative effect of normal serum and plasma 

on prothrombic activity of aged plasma 

Oxalated frdsh plasma has a profound restora¬ 
tive effect on the retarded prothrombin conversion 
of stored plasma (Figure 1). This is not due to 
the prothrombin in the fresh plasma, since re¬ 
moval of the prothrombin by BaSO^ adsorption 
does not significantly decrease its restorative ac¬ 
tivity (Figure 1, Table I). There appears to be 
remarkably little variation in the L.F. activity of 
plasma from different normal subjects (Table I). 
These observations confirm earlier reports (8, 11, 
21 ). 

Non-oxalated normal serum tested 75 minutes 
after coagulation, has as much, and often more, 
restorative activity than the parent plasma tested 
simultaneously (Table II). On the other hand. 



PER CENT FRESH PLASMA OR SERUM IN AGED PLASMA MIXTURE 

Fig, 1. Restorative Activity of Fresh Normal Plasma, BaSO. Normal Plasma, and 
BaSO. Normal Serum on Retarded Prothrombin Conversion of Aged Plasma (Six 
Weeks at 4°C) 
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Subject. 

Prothrombin time firr.) of pl.ism.i mixture 


1 

1 

J 

Per cent fresh 
plasma in fresh 
plasma-aged 
plasma mixture 

Whole 

plasma 

n.aSOi 

plasma 

Whole 

plasma 

BaSOt 

plasm.! 

Whole 

plasm .1 

Il.iSOt 

t>l.uma 

0 

1 

2 

4 

6 

10 

20 

87 

43 

36 

29 

27 

23 

19 

87 

46 

37 

29 

28 

26 

21 

87 

42 

35 

28 

2-1 

23 

20 

87 

46 j 

36 

30 

27 

24 

22 

87 

41 

34 

27 

25 

21 

20 1 

87 

42 

1 t *» 

0/ 

30 

29 

25 

21 

1 


i 


Whole 

plasma 


87 

•10 

35 

27 

26 

21 

19 


BaSOi 

plasma 


87 

4-i 

35 

30 

28 

2‘i 

21 


BaSO, serum is considerably less potent than the 
control serum (Table III). From interpolation 
of these data on the curve in Figure 1, it is evident 
that BaSOj removes approximately SO per cent 
or more of the restorative activity from serum 
whereas it does not do so from plasma. 

Serum has certain clot-promoting properties 
not demonstrable in plasma (22). This is due 
to the serum prothrombin conversion accelerator 
(spca) which arises during coagulation and which 
m the presence of L.F. accelerates prothrombin 
conv^sion (22-24). Accordingly, the accelerat¬ 
ing effect of serum on the prothrombin conversion 
m aged plasma might be due to both spca and L F 

“ “J"' L- F- from plasma 
-1). It IS assumed that it likewise does not 
remove this substance from serum. On the other 
hand, spca is quantitatively adsorbed (22 24). 
Accordingly, BaSO^ serum is devoid of spca but 
should retain its full complement of L.F. That 


BaSO, serum has less restorative ability than 
BaSO, plasma indicates, therefore, that the L.F. 
of normal serum is far less than that of plasma. 

Effect of auti-coagiiloits upon restorative property 

of normal serum. 

L.F. is more stable in citrated than in oxalated 
plasma (8, 25). It is also more stable in native 
plasma (containing calcium) but not in plasilia 
rendered incoagulable by decalcifying with ion- 
exchange resins (26). Experiments were per- 
ormed in order to see whether the L.F. in serum 
is similarly affected (Table IV). The data indi¬ 
cate that the restorative property of oxalated serum 
is more labile than that of non-oxalated serum. 

The question arises whether oxalate affects 
L.F., not adsorbable by BaSO^, or some other se¬ 
rum factor such as spca. Experiments performed 
on non-oxalated versus oxalated BaSOj serum 


TABLE II 


Restorative activity of normal plasma and 
on retarded prothrombin conversion 


corresponding sera 
of aged plasma 


* 


Sal. 

Proth-Tf (sec.) of mixture t 
Fresh 
oxal. 
plas. 

113 

18 

66 

18 

33 

21 

66 

17 

37 

22 

45 

18 


Ser. 

19 

17 

17 

18 
16 
16 


* All sera separated one hour after clotting at room tem¬ 
perature jn glass; both sera and plasma incubated at 37°C 
for additional 15 minutes and then tested, 
t Prothrombin time. 

t Mixture comprises 0.4 mi. of aged plasma plus 0.1 ml 
of material indicated. 


TABLE III 


Effect of BaSOi adsorption on restorative activity of normal 
sera (vS) * on prothromhin conversion of 
aged plasma {A.P.) 


Interval 

Proth-T (see.) of mixture 

between 
clotting 
and test 

A.P. 

A.P. 

plus 

S 

A.P. 

plus 

BaSOrSt 

hrs. 1 

33 

19 

31 

2 

45 

21 

31 

3 J 

37 

21 

34 

2 

48 

21 

32 

U 

66 

22 

42 


* Non-o.xalated sera, separated one hour after blood was 
shed. One part serum added to four parts A.P. 
t Sera adsorbed with 50 mgm. BaS 04 per ml. 
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TABLE IV 

Detcrioralion of serum L.F. in presence of oxalate* and 
citrate * 

Prothrombin time (sec.) 



! 75 min. 

1 alter coag, 

i 

195 mill, 
after coag. 


I 

II 

1 1 
I 

I 

1 

n ^ 

III 

••\ged plas. 

.Aged plas. plusit 

37 

37 

37 

37 

1 

37 1 

37 

Ser. I 

16 

15 

14 1 

21 1 

n 1 

18 

Cit. ser. 1 

17 

18 

18 

21 1 

24 1 

22 

O.xal. ser. 

18 

19 

19 

23 

40 

38 


* 0.valate and citrate added to normal serum 60 min. 
after coagulation. 

10.1 ml. serum added to 0.4 ml. of aged plasma. 


(Table V) indicate that the latter, also, was more 
labile than its non-o.xalated counterpart. On the 
basis of the assumption that BaS 04 does not re¬ 
move L.F. from serum, it is concluded that oxa¬ 
late accelerates deterioration of this clotting com¬ 
ponent. 

The restorative activity seems more stable in 
citrate than in oxalate but not as stable as in na¬ 
tive serum (Table IV). It appears, therefore, 
that L.F. deteriorates more rapidly in serum con¬ 
taining oxalate than in native or citrated serum. 
The same is observed in plasma (8, 17, 25, 26). 


TABLE V 

Effect of oxalate on L.F. activity of normal serum (5) 


Aged plasma Proth-T 

plus; • (lec.) 

Saline 61 

Fresh S 17 

Fresh BaS04 S 31 

Fresh oxal. S 19 

Fresh o.'cal. BaSO< S 38 

S kept 3 hrs., room temp. 20 

BaSO* S kept 3 hrs., room temp. 42 

Oxal. S kept 3 hrs., room temp. 32 

0.xal. BaSO^ S kept 3 hrs., room temp. 55 


Sera separated one hour after clotting. 

BaSOj sera prepared with 100 mgm. BaSOi per ml. 

* One part material added to four aged plasma (60 days 
at 4-S“C). 

Consumption of L.F. and prothrombin during nor¬ 
mal coagulation 

That L.F. disappears from blood during coagula¬ 
tion is clearly established. Its rate of disappear¬ 
ance was studied in relation to the rate of pro¬ 
thrombin consumption. Aliquots of freshly drawn 
blood were allowed to clot at 37°C in separate dry 
test tubes. At specified intervals oxalate was 
added, the mixture was stirred with a glass rod 
and immediately centrifuged at 2000 r.p.m. for 10 
minutes. The sera were separated and subjected 
to determination of residual prothrombic activity 



interval between drawing of blood and ADDITION OF OXALATE 

Fig. 2. Labile Factor, and One-Stage and Two-Stage Prothrombic Activities of 
“Serum” during Coagulation of Normal Blood 
Aged plasma on which L. F. activities were tested had a prothrombin time of 65 sec. 
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TABLE VI 

Effect of throuihaplaaiiu tupoleuiait to doUiti^ hlm‘i 

on L.F. in normal serum {5) {non-oxalalcd) 


Aged plasma 

I'fotli-T Utc.) 

plus: 

Eip't I * 

Ejcp’t i f 

Saline 

47 

63 

S 

25 

33 

BaSOi S 

30 

44 

TPL S 

34 

47 

TPL BaS04 S 

39 

64 


BaSO< S prepared witli 25 nigni. BaSO* per nil. TPL S 
obtained from blood (nine vol.) addcil to 'FPL solution 
(one yol.) prepared as for prollirombin determination. 
Identical results were obtained when the ratio was 19 to 1. 

* One volume of material to four of aged plasma, 
t One volume of material to one of aged plasma. 

by both one- and two-stage methods. Aliquots of 
the serum were also adsorbed with BaSO, (50 
mgm. per ml.) and were then tested for L.F. ac¬ 
tivity. It is evident (Figure 2) that both L.F. and 
prothrombin disappear during the coagulation 
process. Whereas L.F. began to decrease 
promptly after the blood was shed, the two-stage 
prothrombin values showed no significant change 
within the first 10 minutes. Within 40 minutes 
most of both clotting factors had disappeared. 


There wa.s considerable discrepancy between the 
oiw- and Iwo-stage prothrombin values. This is 
not surprising since one-stage prothrombin times 
of scrum reilect the concentration not only of un¬ 
consumed prothrombin but also of residual L.F. 
together with evolved spea. 

ft is of interest that within the first 10 minutes, 
about one-half of the L.F. had disappeared, before 
any detectable (by the metliods used) decrease in 
prothrombin. Although this must be significant 
in the role of L.F. in prothrombin conversion, the 
evidence is too meager to permit any interpretation. 

Effect oj-throuiboplastin on concentration of L.F. 

in scrum 

Since thromboplastin added to normal blood 
yields serum which is always devoid of prothrom¬ 
bin in contrast to normal sera which often show 
small amounts, it was of interest to study the L.F. 
content of such sera. Sera from thromboplastin- 
supplemented blood were far less able to restore 
prothrombic activity to aged plasma than sera from 
spontaneously clotted blood (Table VI). This 



PER CENT FRESH PLASMA OR SERUM IN AGED PLASMA MIXTURE 

Fig. 3. Restorative Activity of "Dicumarol” Sero.m on Retarded Prothro.mbin Con¬ 
version OF Aged Normal Plasma 

Serum was non-oxalatecl, and was tested hours after the blood was obtained. Adsorption 
with BaSO, was carried out with 50 mgm. per ml. 
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difference, evident also in the BaSO, adsorbed 
sera, suggests that more L.F. is consumed when 
coagulation and prothrombin conversion are ac¬ 
celerated by thromboplastin. 

L.F. in scrum from dicumarolized blood ’’ 

The purpose of these e.xperiments was to study 
L.F. depletion during coagulation in relation to 
the amount of prothrombin available for conver¬ 
sion to thrombin. Dicumarolized blood contains 
essentially normal amounts of L.F. (17). As is 
evident in Figure 3, dicumarol serum has a very 
strong restorative effect on aged plasma, more po¬ 
tent than normal serum (compare with data of 
Table II; also compare data in Table VII with 
those in Table V, all obtained on the same aged 
plasma). The same is true of dicumarol BaS 04 

TABLE vn 

L.F. activity of dicumarol serum (D.S.) 
with and without oxalate 


Aged plaama* Proth-T 

plus: (see.) 

Saline 61 

Fresh D.S. 11 

Fresh oxal. D.S. 14 

Fresh BaSOi D.S. 26 

Fresh BaSO< D.S.-oxal. 39 

D.S. kept 3 hrs., room temp. 13 

O.'cal. D.S., 3 hrs., room temp. 22 

BaSOi D.S., 3 hrs., room temp. 36 

BaSO^ oxal. D.S., 3 hrs., room temp. 64 


The prothrombic activity of the parent plasma was 
11 per cent. Serum separated one hour after clotting. 
BaSOi S prepared with 100 mgm. BaSOi per ml. 

* One volume of material to four of aged plasma (60 days 
at 4-5X). 

serum compared with its normal counterpart. 
Again, as with normal serum, oxalate accelerated 
L.F. deterioration (Table VII). 

It was of interest to study the stability of L.F. 
in dicumarol serum as contrasted with normal 
serum. Accordingly, experiments were performed 
on the same sera recorded in Tables V and VII, 
after three days’ storage at 4-5 °C. Determina¬ 
tions were made with the same stored plasma 
which now had a prothrombin time of 80 seconds 
compared with 61 seconds three days earlier. The 
three-day-old normal serum lowered the pro¬ 
thrombin time from 80 to 64 seconds, whereas the 
three-day- old dicumarol serum reduced it to 32. 

° Obtained from patients with myocardial infarct treated 
with dicumarol for the prevention of thromboembolic 
disease. 


Whether this- difference, however, reflected a 
greater lability, or a lesser initial concentration, 
of L.F. in the normal serum is not clear. 

The oxalated dicumarol serum became inert 
within three days. 

Effect of throjtiboplastin on L.F. of dicumarol 

serum 

As already shown, thromboplastin added to 
normal blood reduced serum L.F. activity. On 
dicumarol blood this effect was not observed. Se¬ 
rum derived from thromboplastin supplemented 
dicumarol blood contained the same L.F. activity 
as dicumarol serum derived without the thrombo¬ 
plastin. This was true whether non-oxalated was 
compared with oxalated serum, and BaS 04 com¬ 
pared with non-BaS 04 serum under the same con¬ 
ditions. It appears, therefore, that the effect of 
thromboplastin on the L.F, concentration of nor¬ 
mal serum was related to the velocity and/or the 
amount of prothrombin conversion. 

Again, in dicumarol-thromboplastin serum L.F. 
was much less stable in the presence of oxalate. 

In these experiments 0.3 ml. of thromboplastin 
extract was added to 10 ml. of dicumarol blood 
containing 3 per cent prothrombin. The aged 
plasma on which the sera were tested had a pro¬ 
thrombin time of 37 seconds. 

L.F. in hemophilic serum 

Hemophilic serum has more restorative activity 
on aged plasma than normal serum (Table VIII), 
despite the fact that the interval between the shed¬ 
ding of the blood and the testing of the serum was 

TABLE vin 

L.F. activity of hemophilic serum (5) 


Aged plasma* Proth-T 

plus: Utc.) 

Exp’t 1 

Saline 80 

Norm. S 26 

Hem. S 17 

Norm. BaSOr S 34 

Hem. BaSOr S 28 

E.xp't 2 

Saline 80 

Hem. S 14 

Hem. BaSOj S 28 

Hera. Tpi.f S 38 

Hem. Tpl. BaSO* S 55 


* One volume of material added to four of aged plasma. 
Sera non-oxalated, separated one hour after clotting. 
BaSOi S obtained with 50 mgm. BaSOr per ml. 
t One volume of thromboplastin extract to nine of blood. 
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inevitably greater as a result of the prolonged clot¬ 
ting time of the hemophilic blood. Also, BaSO, 
removes some restorative activity. 

As m all the other experiments, oxalatcd serum 
from hemophilic blood had far less restorative 
ability than non-oxalated sera. This was true 
with whole as well as BaSO,-adsorbed serum. 

Supplementing hemophilic blood with throm¬ 
boplastin, which accelerates coagulation, yields 
serum containing far less L.F. activity, practically 
the same as that observed in serum from normal 
blood similarly supplemented (Table VIII). 

Serum L.F. in ihrombocylopcnia and throm¬ 
basthenia 

These findings led to experiments in other path¬ 
ological conditions where prothrombin conversion 
is reduced as a consequence of inadequate elabora¬ 
tion of thromboplastic material. It is evident 
(Table IX) that in thrombocytopenic purpura as 
well as in thrombasthenia, two disorders where 
prothrombin consumption is poor (15, 27), serum 
L.F. activity was abnormally elevated. In these 
cases, the BaSO^ sera also were more potent in 
rectifying the retarded prothrombin conversion of 
aged plasma than BaSO^ normal serum. In all 
instances, the BaS 04 removed the large amounts 
of residual prothrombic activity characteristically 


present in scrum in these disorders. Recovery in 
one patient with acute thrombocytopenia was as¬ 
sociated with restoration of serum L.F. and pro¬ 
thrombin to normal values. 

L.F. in ''serum” from aftbrinogcnemic subject 

E.xperiments performed on blood from a sub¬ 
ject with afibrinogenemia ” exclude the possibility 
that L.F, disappears during coagulation as a re¬ 
sult of adsorption on the fibrin clot. Blood was 
drawn with and without added o.xalate; the latter 
remained completely fiuid indefinitely. One hour 
after the blood was shed, oxalate was added to the 
non-oxalated sample. The bloods were centri¬ 
fuged. The plasma and “serum” were then in¬ 
cubated at 37°C for 15 minutes. Plasma pro¬ 
thrombin was normal by both one- and two-stage 
methods. The L.F. activity of the plasma also 
w'as normal. The “serum” contained no pro¬ 
thrombin by the two-stage procedure, and the L.F. 
activity of the BaSO, adsorbed “serum” was ap¬ 
proximately 10 per cent of that of the parent 
plasma. Also of interest was the finding that the 
unadsorbed serum contained a normal amount of 
spea. These observations indicate that the disap¬ 
pearance of L.F. activity during coagulation is not 
related to formation of a fibrin clot. It may be 
concluded, furthermore, that spea elaboration is 


TABLE IX 

Serum (S) L.F. m thrombocytopenic purpura 
and thrombasthenia 


thrombocytopenic purpura, 
quinline StSklf""' PUrpur, 

Pat. 3 G. Easy bruising, ecchymoses, normal to ii 

increased capillary fragility fc 

PI r i ®®rum prothrombic activity 

Platelet count: 122,000 per mm.^ blood (low normal 


also independent of fibrinogen and its conversion 
to fibrin. 

DISCUSSION 

Although the importance of a non-prothrombin 
plasma constituent in the conversion of prothrom¬ 
bin by thromboplastin plus calcium is now defi¬ 
nitely established, its role in this reaction is ob¬ 
scure. Quick and his collaborators, who have 



* One volume of material to four volumes of aged plasma, 
t After clinical recovery. 


designated the entity by the term “Labile Factor” 
because of its lability, claim that it entei'S into the 
reaction stoichiometrically along with thrombo¬ 
plastin and calcium (28). On the other hand, the 
Wayne University group (Ware, Seegers, and 
colleagues), calling their substance “plasma Ac- 
globulin,” consider it to be a relatively inert pre¬ 
cursor of “serum Ac-globulin” to which it becomes 
converted by thrombin. Serum Ac-globulin then 
functions as an accelerator of the activation of 

®.We are indebted to Dr. Louis K. Diamond of the 
Children’s Medical Center, Boston, for making blood, 
from this patient, available. 
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prothrombin (4, 29, 30). Owren, who holds simi¬ 
lar views, terms his substance Factor V which is 
converted to Factor VI during' coagulation, and 
which accelerates thrombin elaboration (12, 5). 

Regardless of whether these moieties are identi¬ 
cal (and it is becoming increasingly evident that 
they are), certain facts are clear. When L.F. is 
progressively reduced below 50 per cent of that 
in normal plasma, the prothrombin time increases 
(8). Prothrombin consumption is also curtailed 
(31). Thus, a given prothrombin time reflects 
the amount of L.F. (or plasma Ac-globulin and 
Factor V, if we assume that they are identical) as 
well as the concentration of prothrombin itself. 
Accordingly, in order to measure prothrombin as 
such, adequate quantities of this other factor must 
be assured. This point has received scant con¬ 
sideration in reports on serum prothrombin and 
on prothrombin consumption during coagulation, 
especially those based upon one-stage prothrombin 
determinations, where the velocity of prothrombin 
conversion is measured. 

The foregoing data, in accordance with recent 
reports (28, 32), show that substantial amounts of 
L.F. disappear during normal coagulation. De¬ 
pletion of L.F. begins before prothrombin falls off, 
but soon the rates with which both are consumed 
seem parallel. Accelerating and increasing pro¬ 
thrombin conversion with supplements of throm¬ 
boplastin causes greater losses. Conversely, in 
hemophilia, thrombocytopenia, and thrombasthe¬ 
nia where prothrombin conversion is retarded or 
reduced, L.F. consumption appears reduced. 
Furthermore, curtailing the amount of available 
prothrombin also decreases the amount of L.F. 
consumed. 

Accelerating coagulation and increasing pro¬ 
thrombin consumption in hemophilia by additions 
of thromboplastin induces greater L.F. consump¬ 
tion. It may, therefore, be concluded that this 
clotting factor is utilized in relation to the amount 
and/or velocity of prothrombin consumption. 
Furthermore, critically curtailing the concentration 
of L.F. limits the velocity as well as the amount of 
thrombin evolution (33). These findings lend 
support to the idea that L.F. enters into the reac¬ 
tion as a real participant rather than the alterna¬ 
tive view that it is merely an “accelerator” acting 
outside the thrombin-forming system proper. 
This is in accordance with the interpretation of 


Quick and Stefanini (28) regarding L.F. and 
Lewis and Ferguson concerning Ac-globulin (34). 

The amount of L.F, in serum is considerably 
influenced by the presence of decalcifying antico¬ 
agulants and the interval of time elapsing after 
coagulation. These facts must be considered in 
studies where these agents may be added to blood 
at various intervals after blood is shed in order to 
stop prothrombin conversion at various stages of 
the coagulation process. It is noteworthy that 
L.F. deteriorates more rapidly in oxalated than 
in citrated serum, as in plasma under the same 
condition. 

All of these facts are pertinent to the determina¬ 
tion of serum prothrombin and prothrombin con¬ 
sumption by the one-stage method. The orthodox 
procedure (18), modified by the addition of fibrin¬ 
ogen, will give grossly inaccurate results for 
two reasons: (a) During coagulation the L.F. 
disappears to a variable extent, which is consider¬ 
ably influenced by conditions of coagulation. Con¬ 
sumption of L.F. may reduce its concentration in 
serum to critically low levels, thus causing elevated 
prothrombin times, {b) Also, the prothrombin 
conversion accelerator (spea) which evolves dur¬ 
ing coagulation varies in its concentration in se¬ 
rum, again depending upon various conditions of 
coagulation (23). This clot-promoting factor in¬ 
creases the velocity of prothrombin conversion by 
thromboplastin and calcium, resulting in shorter 
prothrombin times than can be attributed to the 
prothrombin itself. It has already been shown 
that for this reason, one-stage determinations of 
the prothrombin in serum are inaccurate (15). 
Now there is additional basis for this conclusion. 

Difficulties also arise in the determination of se¬ 
rum L.F. by the one-stage procedure. Clearly, the 
substance is measurable by its restorative activity 
on aged plasma in which this clotting factor has 
largely deteriorated. Thus, the restorative effect 
of serum might validly be considered a measure of 
L.F. if we could be sure that during coagulation 
alterations did not take place in components other 
than prothrombin or L.F., which might influence 
the velocity of prothrombin conversion in aged 
plasma. That such alterations do occur, however, 
has been shown conclusively. Spea evolves which, 
in the presence of L.F., will accelerate thrombin 
evolution in stored plasma (24). Seegers and his 
group had shown earlier that serum and serum 
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fractions activate and accelerate prothrombin con¬ 
version to a greater degree than plasma, and Owren 
has reported similar observations (12). Also, 
Milstone found that in the course of coagulation, 
“prothrombokinase” is converted to “thrombo- 
kinase” which is a potent accelerator of prothrom¬ 
bin conversion (35), 

It is accordingly evident that some consideration 
must be given to clot-promoting agents which 
arise as a consequence of the coagulation process, 
and which may accelerate prothrombin conversion 
in aged plasma, simulating or enhancing L.F. ac¬ 
tivity. This is substantiated by the observations 
that BaSO., removes considerable restorative ac¬ 
tivity from serum despite the fact that this agent 
does not appreciably adsorb L.F. Since BaSOi 
removes spca (23) and thrombokinase (33), the 
effect on the restorative activity of serum is at¬ 
tributed to removal of this (these) substance(s). 
It should also be noted that BaSO^ also adsorbs 
residual serum prothrombin. The restorative ac¬ 
tivity of BaSO^ treated serum is, therefore, a more 
accurate index of serum L.F. than untreated 
serum. 

The question arises whether serum Ac-globulin 
and Factor VI can be similarly excluded. Accord¬ 
ing to Murphy and Seegers (36) and as has been 
confirmed by us (24), serum Ac-globuIin is ex¬ 
tremely unstable in normal human serum, virtually 
disappearing shortly after coagulation. The same 
is said to be true of Factor VI (12). This does 
not necessarily obviate the need for considering 
these factors because under abnormal conditions 
of coagulation they may be more stable, persisting 
in the serum. Indeed, substantial Ac-globulin ac¬ 
tivity is demonstrable in human serum prepared 
from blood allowed to clot slowly in siliconized 
tubes (36). 

In a previous paper (24) evidence was presented 
which indicated that “serum” Ac-globulin prob¬ 
ably comprises a mixture of plasma Ac-globulin 
(L.F.) plus spca, which together account for its 
greater prothrombin-converting activity than 
plasma Ac-globulin alone. The relatively low ini¬ 
tial concentration of Ac-globulin in human plasma 
and its rapid depletion during coagulation explains 
the apparent extreme lability of “serum” Ac-glob¬ 
ulin in human, in contrast to bovine, serum. On 
the basis of this interpretation, and assuming Fac¬ 
tor VI to be identical with “serum” Ac-globulin, 


removal of spca by adsorption with BaSO^ ade¬ 
quately talces care of clot-promoting activity of se¬ 
rum over and above that of its parent plasma as 
far as the restorative effect of serum on aged 
plasma is concerned. 

In evaluating the restorative effect of serum as 
a measure of its L.F. content, consideration should 
also be given to the products of platelet disinte¬ 
gration which are said to accelerate prothrombin 
conversion in aged plasma (37, 38). It appears 
that platelets contain at least two clot-promoting 
substances, one w'hich resembles Ac-globulin, and 
another which accelerates the interaction of throm¬ 
bin with fibrinogen (39, 30).^ Whether these ap¬ 
pear, and persist, in serum as a consequence of 
clotting is not clear. Pending further investiga¬ 
tion, it may be concluded that the restorative ef¬ 
fect of BaSO< serum on aged plasma provides a 
suitable method for measuring serum L.F. By 
comparing the prothrombin times of mixtures con¬ 
taining various dilutions of BaSO^ serum in aged 
plasma with similar mixtures containing the BaSOt 
parent plasma, the L.F. of the serum in per cent 
of that originally present in the blood can be 
determined. 

CONCLUSIONS 

1. Normal serum has as much, and frequently 
more, restorative activity than the parent plasma 
on the retarded prothrombin conversion of aged 
plasma, 

2. This is largely due to spca which evolves 
during coagulation and which, together with what¬ 
ever Labile Factor remains unconsumed, accele¬ 
rates prothrombin conversion. 

3. Removal of spca by adsorption with BaSO^ 
yields a serum which still has some restorative ac¬ 
tivity. This activity is a measure of residual L.F. 
in serum, which under normal conditions is small. 

4. L.F, begins to disappear from blood shortly 
after its withdrawal, even before detectable changes 
in the prothrombin concentration have occurred. 
Within 40 minutes consumption of both factors 
is virtually complete. Disappearance of L.F. dur¬ 
ing coagulation is unrelated to the conversion of 
fibrinogen to fibrin, 

T It has previously been shown that spca does not act 
on this phase of the coagulation process (22, 24). 
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5. Accelerating coagulation and prothrombin 
conversion by thromboplastin supplements in¬ 
creases the amount of L.F. consumed. 

6. Conversely, curtailing the amount of pro¬ 
thrombin converted to thrombin, by dicumarol or 
by pathological conditions such as hemophilia, 
thrombocytopenia or thrombasthenia results in 
sera containing abnormally large amounts of L.F. 
This could be corrected in hemophilia by thrombo¬ 
plastin supplements, but not in dicumarol blood. 

7. These observations lend support to the con¬ 
cept that L.F. is an active participant in the pro¬ 
thrombin conversion reaction. 

8. Serum L.F. seems more stable in citrate than 
in oxalate, but not as stable as in native serum. 
This is in accordance with its behavior in plasma 
under similar conditions. 

9. These findings are discussed insofar as they 
relate to methods for the determination of serum 
prothrombin, serum L.F. and prothrombin con¬ 
sumption under normal and pathological conditions. 
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In man the portal circulation, being without 
major and macroscopic connection with systemic 
veins, has been hidden from the clinical investiga¬ 
tor. Even the intravascular catheter has not in¬ 
vaded the duplex circulations feeding the liver, but 
only its drainage system. Thus circulatory inac- 
cessability of the key digestive gland in man has 
left it mysterious, a metabolic sphin.x. Surgeons, 
deleting the spleen from persons with portal hy¬ 
pertension, have recorded sporadic data on portal 
pressure and blood gases (1, 2). Physiologists 
have estimated total hepatic blood flow in man by 
the bromsulphalein clearance test (3) which per¬ 
mits at least reasonable appro.ximations. Sher¬ 
lock and Walshe (4) added some facts by meas¬ 
uring portal blood from large superficial anasto¬ 
motic veins in a single patient with cirrhosis. They 
reported observations in a patient with a large ab¬ 
dominal vein apparently draining blood from the 
upper segment of the alimentary canal into the 
right great saphenous vein. Their attention was 
concentrated on a comparison of systemic and 
anastomotic blood levels of glucose, galactose, 
fructose, fat and nitrogen at appropriate intervals 
after ingestion of measured quantities of these 
substances or their precursors, singly or in com¬ 
bination. 

The ordinary collateral veins over the abdomen 
of cirrhotic patients have been studied in an effort 
to determine portal pressures (1, 5) and circula¬ 
tion time (6). Billings and DePree suggested 
that comparison of blood from the abdominal col¬ 
laterals and systemic veins following administra¬ 
tion of glucose orally might permit the differenti¬ 
ation of cirrhosis from other disorders giving rise 
to collateral vessels over the belly (7). 

^ Aided in part by the Medical Trust Fund of the De¬ 
partment of Internal Medicine, and research grants from 
the Division of Research Grants and Fellowships of the 
National Institutes of Health, U. S. Public Health Service, 
and the Commission on Liver Disease of the Armed 
Forces Epidemiological Board. 


Myers (8) has made an effort at physiologic 
partition of hepatic arterial and portal venous 
components of the total blood flow to the liver by 
measuring the gas content of arterial, hepatic vein 
and caput medusae blood. If one assumes that 
there has been no reflux from hepatic artery into 
the portal anastomotic vessel and that the cases 
were not indeed instances of the Cruveilhier- 
Baumgarten syndrome (9), such observations 
may bring crucial evidence to impinge on Dock’s 
surprising observations on postmortem infusion 
of hepatic artery and portal vein with kerosene 
( 10 ). 

We are reporting studies on two patients (see Ap¬ 
pendix) with cirrhosis who had portal anastomotic 
veins large enough to permit multiple studies of ab¬ 
sorption. One of these patients died and post¬ 
mortem examination revealed an unusual con¬ 
nection between a branch of the superior mesen¬ 
teric vein and the superficial abdominal vein which 
coursed upward and emptied into the superior 
vena cava via the left internal mammary and in¬ 
nominate veins. Details of the connections are 
given in Figures 9 and 10. Our observations were 
restricted in part by the chemical facilities at hand 
when the two patients were under observation al¬ 
most simultaneously on the wards. By the time 
we had prepared to do more elaborate tests, one 
patient died in the hospital and the other went 
home and died. No others with such vessels have 
been found in our last 20 cirrhotic patients. 
Therefore, we are presenting our data as modest 
increments to knowledge which must be extended 
before we draw general conclusions. 

METHODS 

Our observations were made by comparing the levels 
of constituents of blood samples taken simultaneously 
from the antecubital and portal anastomotic vein at ap¬ 
propriate intervals after the ingestion of the mi.xture 
whose composition is listed in Table I. Studies included 
those on glucose (11), fructose (12) and vitamin A (13, 
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TABLE I 

Contents of test meal 

60 grains of protein (skim milk and 
skim milk powder) 

80 grams of fat (cream) 

SO grams of glucose 
50 grams of fructose 
500 mg. of ascorbic acid 
5 mg. of tliiamine 
10,000 units vitamin A (M. VV.) 

25,000 units vitamin A (N. N.) 

250 ml. water 

tliiamine (16, 17). ascorbic acid 
(18), ammo acid nitrogen (19) and urea nitrogen by the 
urease method. In no case was the error of the method 
more than ±5%. We did all tests in duplicate except 
for glucose and urea nitrogen. The amount of blood 
which could be withdrawn from the abdominal vein some¬ 
times limited the number of tests it was possible to do 
Some samples were used for tests which would have been 
omitted had we been able to predict results. We col¬ 
lected further data on oxygen saturation before and after 
eating; on circulation time and venous pressure. We did 
the absorption studies the day following paracentesis in 
oi er to reduce by some degree the mechanical inter¬ 
ference with alimentary function and to make the ab¬ 
dominal vein more accessible. For a period of one week 
prior to each absorption study, both patients were fed 
a high-carbohydrate, high-protein and unrestricted-fat 
diet. Supplemental vitamins were furnished in the form 
of multi-vitamin capsules and crude brewer’s yeast. In 
addition, subject M. W. received thiamine, riboflavin and 
vitamin K. 

OBSERVATIONS 

The information collected in this study is pre¬ 
sented in a series of charts. 

Carbohydrate 

Blood samples were taken after a 14-hour fast, 
and 50 grams of glucose were given orally at zero 
time. From Figure 1 the following facts are noted. 
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^ Img. 2. Co.Mi’.Muso.v OK Portal and Svstemic Blood 
buucTosE Levels kollowi.vc Lvcestio.v of Test 
Meal 

(1) The fasting level of glucose in abdominal and 
antecubital vein was the same. (2) In all tests 
the level of glucose rose more rapidly, and for 
1/4 to two hours was sustained consistently at 
higher levels in the abdominal vein than in the 
vein of the arm. In the first test in subject M. W. 
the level of glucose in the abdominal vein and arm 
vein was elevated above the normal at the two-hour 
period. In the second test the abdominal vein 
blood showed higher glucose values at the end of 
two hours with the levels both approaching normal 
at the end of three hours. The third test three 
months later when the patient was clinically much 
worse showed a high glucose level in the abdominal 
vein blood at the end of two hours. No later de¬ 
terminations were made. {3) In subject N. N. 
the arm and abdominal blood glucose levels were 
slightly elevated with the abdominal blood level 
being higher at the end of two hours. There was 
no regularity of time relations for peak of glucose 



Fig. 1. Comparison of Portal ano Systemic Blood Glucose Levels following 

Ingestion of Test Meal 
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in the abdominal vein, although the average time 
for peak elevation was somewhat later (75 min.) 
than for the arm vein (53 min.). The peaks in 
all four tests differed varying from one-half to 
two hours. The fasting blood glucose levels were 
normal in both subjects. (4) Fructose (Figure 
2)—Both subjects had normal fasting levels and 
a decreased tolerance. The absolute value of the 
blood fructose was less than that of glucose al¬ 
though proportionately the rise of fructose was 
greater than that of glucose. Except for the fast¬ 
ing samples, the fructose levels in the abdominal 
vein were higher at all times in both subjects. 
Peak level in abdominal and arm vein blood oc¬ 
curred at the end of two hours. No later deter¬ 
minations were carried out on subject N. N, 



Fig. 3. Comparison of Portal and Svstemic Blood 
Thiamine Levels following Ingestion of Test 
Meal 


Water Soluble Vitamins 

Five mg. of thiamine were given orally as the 
test dose. There was no clinical clue to specific 
thiamine deficit but the dietary history suggested 
that there was moderate thiamine undernutrition. 

From Figure 3 it may be seen that : (1) Anasto¬ 
motic vein blood rose to much higher levels than 
did blood from the arm vein. (2) Rise in systemic 
vein was absent or very slight. (3) The curves do 
not have enough points to describe a general pat¬ 
tern of behavior. (4) In one subject the thiamine 
level of anastomotic vein blood had returned to the 
control level at three hours. 

Ascorbic acid was given orally in the amount 
of 500 mg. Figure 4 reveals that: (1) There was 
no substantial difference in the levels from portal 
and systemic blood in fasting or postprandial sam¬ 



ple. 4. Comparison of Portal and Systemic Blood 
Ascorbic Acid Levels following Ingestion of Test 
Meal 


pies. (2) Portal blood was regularly higher than 
systemic blood, though not to a significant degree. 
(3) No fall in level had occurred at the end of 
two or three hours in the two cases. 

Vitamin A 

Vitamin A was given orally, 10,000 units, to 
subject M. W. and 25,000 units to subject N. N. 
Figure 5 reveals: {!) Similar fasting levels in 
portal and systemic blood. (2) More rapid and 
higher rises in portal than in systemic blood. (3) 
Return to control values at three hours in one 
subject. 

Neutral Fat 

Neutral fat was given as 80 grams of cream. 
Figure 6 indicates: (I) A distinctly higher sys¬ 
temic than portal fasting level. (2) Irregular 



TIME IN HOURS 


Fig. 5. Comparison of Portal and Systemic Blood 
Vitamin A Levels following Ingestion of Test 
Meal 
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Subject M.W. Subject N.N 



Fig. 6. Comparison of Portal and Systemic Blood Plasma Lipid Levels follow¬ 
ing Ingestion of Test Meal 


rises in which portal blood levels rose at a more 
rapid rate. (3) Two of the three tests indicate a 
delayed rise of lipid in systemic blood. 

Nitrogen 

Sixty grams of protein in the form of skim 
milk and skim milk powder were given. Figure 7 
for amino acid nitrogen indicates that; (I) The 
tests showed no clear difference in portal and 
anastomotic vein levels of amino acid nitrogen 
though there was a tendency for a peak to occur 


at two to 2^ hours. (2) The levels varied er¬ 
ratically. 

Figure 8, indicating blood urea nitrogen, shows: 
(i) Similar fasting levels in portal and systemic 
blood; (2) a rise in systemic blood urea nitrogen 
at one hour, in one instance falling rapidly and m 
the other sustained for some time. 

Circulation Time 

Circulation time was determined by the dech- 
olin method. The results are in Table II. The 



Fig. 7. Comparison of Portal and Systemic Blood Amino Acid Levels following 

Ingestion of Test Meal 

I 

I ^ -- 
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blood from the abdominal vein reached the tongue 
in 11 and 14 seconds, distinctly less than the arm 
to tongue time. Femoral vein to tongue time was 
at the upper range of normal. 

Venous Pressure 

The determinations of portal vein pressure are 
compared with those from the antecubital and fem¬ 
oral vein in Table III. The right atrium was the 
standard zero reference. 

In one subject (N. N.) studies of blood gases 
were attempted in the fasting state and during ab¬ 
sorption. The necessity of producing stasis in 
order to obtain blood from the portal vein, which 



Fig. 8. Cosiparison of Portal and Systemic Blood 
Urea Nitrogen Levels following Ingestion of Test 
Meal 


was copied as far as possible in taking blood from 
the arm, makes the data presented in Table IV of 
questionable accuracy. The blood from the portal 
anastomotic vein was regularly of a brighter red 
color than that from the arm vein. 

DISCUSSION 

Although studies of absorption were made by 
analysis of portal vein blood in animals (20) in 
1877 no similar efforts to evaluate the phenomena 
of absorption in man have been made until re¬ 
cently. While the results of the biochemical tests 
on various substances are roughly comparable in 
the two subjects, and postmortem observations 


TABLE II 

Circutalion lime in seconds (dechoHn) 



M. W. 

N. N. 

Anastomotic vein to tongue 

11* 

14 

Arm to longue 

16 

17 

Femoral vein to tongue 

26 

27 


* Each number is the average of two determinations. 


in one of them established the anatomical rela¬ 
tions of the portal anastomotic vein, the data are 
scarcely adequate for broad generalization. To¬ 
gether with the patient reported by Sherlock and 
Walshe (4) whose anastomotic vein carried blood 
down to the saphenous vein, three subjects with 
large portal anastomotic veins have been investi- 


TABLE III 

Venous pressures {cm. water) referred to right atrium 
as zero point 



M. W. 

N. N. 

Arm 

11* 

9 

Arm (after R.U.Q. pressure) 

12.5 

9 

Femoral 

11.5 

9 

Femoral (after R.U.Q. pressure) 

19 

13 

Anastomotic vein 

22 

19 

Anastomotic vein (after R.U.Q. pressure) 
Anastomotic vein (after Valsalva proce- 

23 

19 

dure) 

26 

j 25 


* Each number is the average of two determinations. 


gated. Our patients both had a similar pattern 
of superficial venous drainage in a cephalic di¬ 
rection by a large anastomotic vein. This was 
demonstrated by local pressure which indicated 
that the vein filled more rapidly from below than 
from above; and the exaggerated prominence 
produced by the Valsalva procedure. Because we 

TABLE IV 

Oxygen saturation (subject N. N.) 


Fastias Blood 


1 

] 

Volumes % 

Saturation {%) 

Arm vein 

7.0 

38.8 

Anastomotic vein 

14.0 

82.5 

After Meal 

Arm vein 

5.0 

27.8 

Anastomotic vein 

14.2 

79.0 

Oxygen capacity 

18.0 
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could not estimate the moiety of portal blood car¬ 
ried in this vein, it is idle to speculate upon the 
quantitative aspects of the data. They merely indi¬ 
cate trends. Another limitation in the study is the 
reliability of the venous blood from the arm, rep¬ 
resenting not mixed venous blood but a particular 
sample. In essence we are comparing the con¬ 
stituents of two diflerent efiluent streams of blood, 
but we cannot relate the observed data to total 
quantities. The effect of the water of the test feed¬ 
ing added another variable. 

A number of factors militate against the ap¬ 
plication of our findings to the normal processes 
of absorption in man. The metabolic function of 
the cirrhotic liver is impaired, but no single test 
or clinical finding permits precise quantitation of 
the several disturbances which would influence ab¬ 
sorption and hepatic metabolism. The higher 
pressure of blood in the portal circuit well known 
clinically, demonstrated at operation (1, 21) and 
measured directly in our subjects might be ex¬ 
pected to diminish or retard absorption from the 
gut. It is not known to what extent commingling 
of arterial blood from the hepatic artery with ve¬ 
nous blood from the intestine occurs, or even that 
it has any quantitative significance. Our obser¬ 
vations, therefore, though they provoke specula¬ 
tion, provide no conclusive solution to the prob¬ 
lems they bear upon. Because of the anatomical 
relations in subject M. W., it is probable that sig¬ 
nificant admixture with systemic blood did not 
occur. 

Carbohydrate. It is the consensus of investiga¬ 
tors that glucose is absorbed by a phosphoryla¬ 
tion mechanism with hexose phosphoric acid serv¬ 
ing to transport glucose across the mucosa where 
glucose again is formed and transported as such to 
the liver. Our studies (Figure 1) suggest that 
this process is protracted over periods of at least 
two hours. In all observations the curves of the 
systemic glucose and fructose blood levels are 
typical of those found in liver disease, namely, 
normal fasting levels with decreased tolerance af¬ 
ter ingestion of the sugar. The elevated levels are 
attributed to impairment of the liver’s function in 
carbohydrate regulation. The prolonged elevation 
likewise may result from hepatic malfunction and 
probably impaired intestinal absorption as well. 
The earlier and higher rise and the more rapid 
return to normal of glucose in contrast to fructose 


is in keeping with the fact that gastro-intestinal 
absorption of glucose is more rapid than that of 
fructose although the rates of utilization in the 
liver are similar (22). The factors of tissue utili¬ 
zation of glucose, j)ossible glucogenesis from the 
protein in the test feeding, and the effect of fat in 
delaying absorption could not be appraised. ^ 

Water soluble vitamins. Thiamine levels in 
portal blood rose rapidly whereas the rise in sys¬ 
temic blood was meagre or did not follow (Figure 
3). Perhaps this merely reflects thiamine deple¬ 
tion in tile tissues. We have no knowledge of 
what metabolic alterations were produced because 
of the bypass of so much portal blood to the gen¬ 
eral systemic circulation before passage through 
the liver. The fact that portal blood levels rose 
without a similar rise of systemic blood thiamine 
raises a question about the usual interpretation of 
such flat tolerance curves as indicative of reduced 
absorption; and it must be concluded that thiamine 
was utilized, stored, destroyed, or e.xcreted rapidly- 

Ascorbic acid levels followed a different course, 
and there was no substantial difference between 
portal and systemic blood samples. One could 
interpret this as an indication of a state of satura¬ 
tion, though the initial levels are below the usually 
accepted normal range. Another assumption 
might be that the use or elimination of ascorbic 
acid was diminished. 

Fat soluble vitamins. To some extent the curves 
of vitamin A levels (Figure 5) were similar to 
those for glucose. Subject N. N., who receive 
25,000 units, had less of a rise than subject M- VV-, 
who received 10,000 units though the time inter 
vals of sampling and the duration of the tests 
differed. 

Lipids. There was a sharp disparity between 
portal and systemic blood levels for neutral fat m 
the fasting state, suggesting that the liver was 
liberating fat into the blood stream, or possibly 
that it was. removed somewhere in the long cir¬ 
cuit between hepatic vein and the portal collecting 
system. In two instances there was an initial fa 
and then a sharp rise in portal blood to levels some¬ 
what higher than the simultaneous systemic blood 
level. 

Nitrogen. Figures 7 and.S exhibit data from 
studies on portal and systemic blood urea nitrogen 
and amino acid nitrogen. Similar levels for amino 
acid nitrogen occurred during the early stages of 
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ahsorplion and not until the second hour was the 
level in portal blood significantly higher than in 
systemic vein blood at a lime when the breakdown 
oi protein to amino acids in the gut was well ad¬ 
vanced. The curves for urea nitrogen (Figure S) 
suggest several interpretations. In M. W. it may 
be supposed that the formation of urea from amino 
acid was advancing rapidly and reached an early 
peak, after which the process declined or e.Kcre- 
tion increased. In X. X. the curves may he taken 
to suggest the absorption of urea, or its forma¬ 
tion in the gut, though the differences are not 
striking, and the variations suggest that the results 
may be in error. 

Oxygen. It is probable that technical difficulties 
with the collection of blood from the anastomotic 
vein, the necessity for using pressure and stasis 
and efforts to duplicate the situation in the vein 
of the arm make the quantities unreliable. Never¬ 
theless. in each sample taken from the abdominal 
vein it was obvious that the blood had the bright 
red color nearly that of arterial blood. By ordi¬ 
nary inspection, and by the use of red goggles, the 
anastomotic vein appeared less dark than neigh¬ 
boring veins coursing up over the abdomen. It 
failed to show up as well as we e.xpected with infra¬ 
red photography. We have demonstrated in some 
other patients with cirrhosis identical blood glu¬ 
cose levels in arm and abdominal collateral veins 
after a test meal, and in spite of the report of 
Billings and DePree (7), -we are of the opinion 
that some of the prominent abdominal veins in 
cirrhotics carry unmixed systemic blood from the 
lower extremity. The high oxygen content of 
the anastomotic vein may indicate (I) a reflux 
of hepatic artery blood from the liver, (2) an open 
state of the numerous arteriovenous connections in 
the gut, or (3) very modest oxygen consumption 
by the gut during absorption. Whether or not 
these speculations are correct or some other cause 
exists, the finding casts a reasonable doubt on 
estimates of the moiety of blood supplied to the 
liver by hepatic artery and portal vein where 
gauged by gases from portal vein blood (8). The 
very low levels of oxygen in sysfemic venous blood 
are puzzling although reduced oxygen content of 
the blood has been reported in cirrhotics (23). 

Venous pressure. The dynamic state of the 
portal circulation, a low pressure system suspended 
between two capillary beds and thus indeed a veri¬ 


table rclc mirabilc, has been well hidden. Our 
only information in man has come from surgeons 
who have measured pressure directly at laparot¬ 
omy, usually in subjects tvith portal hypertension. 
Oliservations on abdominal veins by Levy and 
Burch (5) give no indication that portal anasto¬ 
motic veins tverc used and the technique of oc¬ 
clusion used by Davidson, Gibbons and Faloon 
(24), tvhile indicating the pressure which may be 
reached, introduces an artifact if any appreciable 
quantity of blood flow is obstructed. Our obser¬ 
vations were carried out the day after abdominal 
paracentesis, when there was relatively little dis¬ 
tention, even though some ascitic fluid remained. 
The portal pressure of 22 and 19 cm. of water in 
the two subjects was significantly higher than the 
systemic venous pressure (Table III). The Val¬ 
salva maneuver and hepatic jugular reflux test 
produced the expected changes. 

Circulation time studies (Table II) suggest that 
blood from the anastomotic vein traversed a 
shorter distance or moved more rapidly than that 
from the arm. 

RESUME 

The data on absorption and portal circulation 
gained from two subjects with portal anastomotic 
veins who were fed a mixture of test substances 
permit the following tentative statements: 

1. Carbohydrate was absorbed rapidly from 
the upper part of the alimentary canal and the 
high level was sustained 90 minutes or more. 

2. Thiamine, though it reached high levels in 
portal blood, did not rise significantly in systemic 
venous blood. 

3. Ascorbic acid levels did not differ in portal 
and systemic blood during the rise following ab¬ 
sorption. 

4. Vitamin A was absorbed rapidly from the 
upper alimentary canal and sj'stemic blood levels 
rose more slowly and not to the same degree. 

5. The fasting level of lipids initially was lower 
in portal blood than in blood from the arm vein. 
In two instances there was an early fall followed 
by a sharp rise. 

6. Amino acid rise in portal vein was delayed, 
variable and of small degree. Urea nitrogen was 
higher in systemic than portal blood during much 
of the absorption period, but the erratic behavior 
precludes analysis. 
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TAlll.E V 


Subject. 

M. W. 

j M. w. 

.M. W. 

.V. N. 



tJ-JJ-IS 

J-JS-19 

6-e'i~i9 

R.B.C. 

4.2 

4.0 

4.9 

4.0 

Hg. (c'/zf. per 100 ml.) 

1.5 

1.5 

14 

11.9 

W.B.C. 

7,01)0 

6..500 

9.100 

11,090 

Total protein (gm. per WO ml.) 

5.4 

6.5 

6.2 

6.4 

Albumin (giii. per 100 ml.) 

2.5 

.5.0 

2.9 

3.2 

Globulin igm. per 100 ml.) 

2.9 j 

.5.5 

,j..5 

3.1 

Urine bilirubin 

'> 1 

0 

0-.5-f 

4-f 

Urine urobilinogen 

4 + 

4 'f* i 

4-f 

1-f 

Van den Bergh (1 min. mg. per 100 ml.) 

— 

0.5 

— 

— 

Van den Bergh {30 iniit. dij;. per 100 ml.) 

■» > 

2.7 

1.8 

6.4 

Aik. phosphatase (Bod. units) 

.5.2 

6.4 

8.4 

17.2 

Ceph. flocculation 

4-f- 

.5-r 

2-f 

1-f 

Thymol turbidity' units 

22 

26 

27 

2.6 

Zinc sulfate turbidity imit.s 

1 

25 

27 

11.0 

Cholesterol {mg. per 100 ml.) 

1S7 

2.5.5 

524 

168 

Cholesterol esters {mg. per 100 ml.) 

8.5 

152 

219 

za 

Prothrombin time (m'.) 

46 

-- 

44 

39 

Prothrombin time (sec.) (control) 

.56.-5 

— 

41.7 

29 

Bromsulphalein retention (5 mg. per kilo.—15 minutes) 

aac* 

* * /O 

— 

29(0 

42% 

l7-Ketosteroids {mg. per 24 hr.) 


—— 

2.2 

1.4 


7. Oxygen content of portal vein blood Avas 
elevated, portal venous pressure was higher than 
systemic pressure and circulation time from anas¬ 
tomotic vein to tongue shorter than from arm to 
tongue. 

8. These observations leave unanswered more 
questions than they illuminate. They emphasize 
a clinical finding first used by Sherlock and 
Walshe to solve some of the metabolic problems 
concealed in the hitherto inaccessible reaches of 
the portal blood system in man. 

APPENDIX 

Case Reports 

M. W., a 43 year old railroad station agent, had three 
admissions to the Medical Service of the University Hos¬ 
pitals; 8 November—30 December, 1938; 21-30 March, 
1949; and 30 September—5 October, 1949. His story 
on the first admission included a bout of “yellow jaundice’’ 
in 1932 and no recent but probably previous excessive 
use of alcohol. His illness began insidiously in March 
1948, with discomfort in both flanks, indigestion, sporadic 
nausea and vomiting. Within two months his belly became 
swollen, his appetite declined and food gave rise to a 
sensation of bloating. Though there was weakness, 
malaise and easy fatigability, his weight rose from 155 
to 162 pounds. Hemorrhoids appeared during the month 
before admission. He had become aware of the advent 
of vascular spiders within six weeks of the onset of his 
illness. During the month before admission his ankles 
became swollen, especially in the evening. Prior to his 
illness his diet was adequate. Nothing else of conse¬ 
quence was found in his past history or in the family 
history. 


Examination disclosed a well-built, undernourisiied 
man without jaundice. He was alert, cooperative and in 
no acute distress. His skin had a slatey gray cast and 
was liberally sprinkled with vascular spiders though there 
was no palmar erythema or gynecomastia. Pectoral, 



s 
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Fig. 9a. Photograph of Anterior Abdominal Wall 
Vein in Patient M. W. during a Valsalva Procedure 
A rrow marks direction of blood flow. 
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lUiliio ami axillary hair was amplo. A lew iiuhst rales 
were liearii at the riKht base posteriorly where impair¬ 
ment of the percussion note was foimcl. The diaphragms 
were elevated and the abdomen was much distended. A 
Ihiid wave was found. There were a number df dilated 
veins conrsins upward over the abdomen; and a very 
large one was found emerging in the midline to follow 
a tortuous course upward to the region of the xiphoid 
where it disappeared below the rib margin to the right. 
The Valsalva procedure caused it to stand out elegantly 
in relief (see Figure 9a). After paracentesis of 6 liters 
the spleen was felt, but not the liver. There were ex¬ 
ternal hemorrhoids. Other features of the examination 
were not unusual. 

Course: During the first admission he was kept in bed 
and given a diet high in protein and carbohydrate with 
supplemental vitamins. Salt was restricted and mercurial 
diuretics were used repeatedly. Five paracenteses, each 
yielding 5 to 6 liters, were done between 11 Kovember and 
28 December. 


There was gradual though not very substantial improve¬ 
ment and he was sent home on the same regimen where 
he required abdominal paracentesis at about ten-day 
intervals. 

Second admission: The physical signs had not changed 
aiipreciably. Laboratory data arc included in Table V. 
Two paracenteses were done yielding 2 liters each and 
absorption studies were carried out. He W'as discharged 
on the same regimen as before. 

Interval: During his stay at home he continued to be¬ 
come weaker but adhered to his diet and medication, need¬ 
ing paracentesis at weekly intervals. A few days before 
his final admission he suddenly became stuporous. 
Bright red blood was passed by rectum several times. 

Pinal admission: It was suspected that some of the 
lethargy might have resulted from barbiturates which 
he had been given just prior to hospitalization. He be¬ 
came alert enough to eat after 4 liters of slightly turbid 
ascitic fluid were removed, but soon lapsed back into 
stupor. He was then sustained by intravenous glucose and 



Fig. 9b. Diagram Illustratixg Origin and Course of Abdominal 
Anastomotic Vein in Patient M. \V. 
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salt-free albimiiii. Clinical jaundice became api)arent and 
bile appeared in the urine. He bad vomited bloody fluid 
on two occa.sions shortly before be died. 

Laboratory studies are snmmari/ed in 'I'.able \'^. 

Atitol^sy: The sit>nifjcant findings were severe portal 
cirrhosis with ruptured esophageal varices and bemurrbage 
into the gastro-intestinal tract. A chronic congestive 
splenomegaly and abdominal ascites of apiiro.'cimalely 
1500 ml. of bile-stained fluid were present, 'fbere was 
great dilatation of the esophageal, gastric, paraumbilical 
and hemorrhoidal veins. The parietal peritoneal veins 
were distinctly dilated, particularly of both lateral peri¬ 
toneal gutters and in the left upper abdomen where the 
greater omentum was adherent. The dilated omental veins 
originating from the stomach comnmnic.ited with the 
lateral parietal veins in the left npiier abdomen (h'igttres 
9a, b and 10a, b). Most of this latter ple.xus of veins 
formed a single vein, which ran ventrally and emerged 
superficially about 2 inches above the umbilicus. There 
it received a small tributary from the dilated ple.xns of 
veins in the right peritoneal gutter which in turn com¬ 
municated with intestinal veins via the mesentary. After 
becoming superficial the abdominal vein coursed cephalad 
and pierced the deep tissues in the region of the xiphi- 
sternum slightly to the right. It then turned to the left 
and joined the left internal mammary vein on the posterior 
surface of the anterior chest wall. This in turn entered 
the left innominate vein (Figures 9 and 10). 

N. N., a 51 year old German truck driver, was ad¬ 
mitted to the Medical Service of the University Hospitals 
27 June and discharged 23 August, 1949. There had been 
a brief visit to the Medical Out-Patient Clinic in October, 
1938, when an anxiety state was suspected. At that time 
he was drinking beer occasionally. There was no evi- 



Fig. 10a. Photograph Showing Anastomotic Vein 
Piercing Anterior Surface of Chest Wall in Region 
of Xiphisternum 



Fig. 10b. Photograph of Posterior Surface of An¬ 
terior Chest W.vll Showing Left Internal Mam¬ 
mary Vein Which Has Just Been Joined by the 
Anastomotic Vein Described in Figure 10a. 


dence of liver disease. Fie reported a severe bout ot ma 
laria with coma two years previously. _ . 

During the year before admission insidiously beginning 
fatigue had progressed to a state of incapacity for the last 
three months. One month before entry abdominal is 
comfort, bloating and anorexia dominated the scene. 
There was diarrhea. Chilly feelings and fever occurred 
repeatedly until a week before admission when be too ' 
quinine. The urine became dark three weeks before ad¬ 
mission but he had not noticed jaundice oi itching, 
weight declined from 170 to 135 pounds in spite o in 
crease in his girth which interfered with coinfoitai 


eathing. ,, 

Examination revealed an ill man, whose swol 
ntributed to orthopnea. The skin was not jaundicec u 
posed areas were tanned. Vascular spideis weie sea 
red over the chest, arms and shoulders. The sclerae 
;re icteric. Retinal vessels showed moderate sclerosis, 
ae left side of the chest was restricted in movement an 
e trachea deviated to the right. Signs of flnic * 
,ted on the left. A harsh systolic murnuir, transiniU 
to the neck, was heard in the second and third mte 
aces on the right; and Pj was accentuated. F in 
nded the abdomen. The firm irregular edge of the live 
IS felt 5 cm. below the rib margin on the right, m 
leen was not felt. Pitting edema of the 
,tcd. Body and axillary hair were plentiful. A large 
.astomotic vein arising midway between umbilicus aiicl 
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xiphoid carried blotnl upwards. Large hemorrhoids were 
found. 

Laboratory studies arc summarized in Table V. 

Treatment consisted of bedrest, high-protein, high-carbo- 
h>dratc and low-salt diet supplemented with vitamins. 
Crude liver c.xtract and mcrcuhydrin were given at fre¬ 
quent intervals. The left side of the chest was tapped 
on two occasions and 800 ml. of fluid removed each time. 
A number of abdominal paracenteses were performed 
with removal of 1-2 liters. Absorption and pressure stud¬ 
ies were done on 15 August, 19-19. The jaundice dimin¬ 
ished and there was some clinical improvement, but he was 
still accumulating fluid at the time of discharge. He died 
at home on 1 September, 19-19. 
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It has been established that adrenal honnones 
play an important role in the defense reaction of 
the body to stress (1). A common stress stimulus 
in man is that produced by infection with group A 
streptococci. Streptococcal infections assume 
especial importance because they precede acute 
rheumatic fever, a disease which responds favor¬ 
ably to treatment with the adrenal hormone, corti¬ 
sone (2—4). An epidemic of streptococcal exu¬ 
dative tonsillitis and pharyngitis afforded the 
opportunity to obtain data on the effect of cortisone 
therapy not only on an acute bacterial infection and 
the immunological response of the host, but also 
on the subsequent occurrence of acute rheumatic 
fever. 

DESCRIPTION OF STUDY 

This study was conducted at Francis E. Warren Air 
Force Base, Wyoming, from February 20 to April 17, 
1950. All patients entering the hospital with respiratory 
infections were examined within a few hours after ad¬ 
mission. Since it was desirable to include in the study 
only those patients in the early phase of a streptococcal 
respiratory infection who would be available for follow¬ 
up examinations, the following criteria were employed: 
(o) the presence of exudate on the pharynx or tonsils, 
(6) a total leucocyte of 10,000 or greater, (c) an illness 
which began less than 31 hours before admission to the 
study, and (d) availability for follow-up studies for at 
least four weeks. 

One hundred and seventy-four patients fulfilled the 
above criteria and were divided into treated and control 
groups on the basis of their Air Force serial number. 
Eighty-seven patients had numbers ending in the digits 
5-9 and received treatment; 87 with numbers ending in 
the digits 0-4 received no specific therapy and composed 
the control group. 

Cortisone acetate was injected intramuscularly into 
the gluteal region according to one of the two treatment 

1 This investigation was supported through the Com¬ 
mission on Acute Respiratory Diseases, Armed Forces 
Epidemiological Board, Office of The Surgeon General, 
Washington, D. C. 

= Capt. MC, AUS. 


schedules. The first 17 patients received a total of 500 
mgms in 50 mgm doses. The first injection was given at 
the time of admission to the study and subsequent doses 
were administered at 12 hour intervals. The remaining 
70 cases were given a total of 600 mgms in 100 mgm 
doses. The initial injection was given at tlie time of ad¬ 
mission to the study, the second and third at 9 a.m. and 
9 p.m. on the second hospital day, and the remaining 
three at 9 p.m. of the third, fourth and fifth days. Con¬ 
trol patients received 0.85 per cent sodium chloride in¬ 
jections by the same schedules. During hospitalization no 
antipyretics or other medications were given except co¬ 
deine for relief of severe headache. 

Patients were examined daily through the sixth day 
of illness by one member of the professional staff who had 
no knowledge of the treatment being administered. 
Symptoms were recorded for each 12 hour period during 
the first two days of illness and daily thereafter. Physi¬ 
cal signs were recorded daily. Oral temperatures were 
taken every four hours. Total leucocyte counts and cul¬ 
tures of the tonsils and pharynx were obtained each day. 
Sera were obtained on the first and sixth days of illness. 
An electrocardiogram was recorded soon after the acute 
symptoms had subsided. 

Subsequent examinations were conducted during the 
third, fourth and fifth weeks following the onset of the 
streptococcal illness. The patients were questioned con¬ 
cerning post-streptococcal complications. Those with 
symptoms were examined and admitted to the hospital 
for further study. An electrocardiogram was taken ap¬ 
proximately 21 days after onset. In addition, at each of 
the weekly examinations, serum_ and a culture of the 
throat were obtained. 

All cultures were examined .for beta-hemolytic strepto¬ 
cocci which, when present, were isolated in pure culture. 
The first and last strains isolated during hospitalization 
and all strains obtained at each subsequent examination 
were grouped and typed according to the methods of 
Maxted (5, 6) and Swift, Wilson, and Lancefield (7)- 
The acute and convalescent antistreptolysin “O” titers of 
all sera from each patient were determined concomitantly 
by a modification of the technique of Hodge and Swift 
( 8 ). 

RESULTS 

That the patients in this stuciy had streptococcal 
disease is indicated by the demonstration of a sig- 
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nificant rise ’ in the antistreptolysin titer in the sera 
of 86 per cent of the control group. In addition, 
group A streptococci were isolated from the initial 
cultures of the tonsils and pharynx of 89 per cent 
of all patients and the symptoms and physical signs 
were characteristic of streptococcal infections (9). 
The data presented in Table I show that the two 
groups of patients were essentially comparable. 

The effect of cortisone on selected symptoms and 
physical signs is presented in Figures 1 and 2.* 
Little or no effect on the acute illness was demon¬ 
strated. The symptom, sore throat, persisted 
somewhat longer in the control group, being pres¬ 
ent on the sixth day of observation in 20 per cent 

TABLE I 


Comparability of the 87 cases in each of the treated 
and control groups 



Cortisone 

Control 


group 

group 


per unt 

per ctni 

History of tonsillectomy 

26.4 

3L0 

Age 17-21 

77.0 

74.7 

Symptoms: * 

Cnilliness 

65.5 

75.8 

Feverishness 

82.7 

86.2 

Malaise 

41.3 

56.3 

Sore Throat 

82.7 

85.0 

Headache 

Physical signs:\ 

86.2 

80.4 

Enlarged or tender cervical nodes 

91.8 

90.8 

Lymphoid hyperplasia 

Laboratory: 

37.9 

37.9 

Group A streptococci on admission 

89.7 

88.5 

Type 14 

54.0 

65.5 

Type 24 

17.2 

10.3 

Type 6 

9.1 

9.1 

Leucocyte count 12,000 or greater 
Antistreptolysin titer—125 units or 

91.9 

86.2 

less on admission 

68.9 

67.8 


* SymjJtoras cxrcurring during first 12 hours of illness, 
t Physical signs present on admission examination. 


of the control patients and 6 per cent of the treated 
cases. Chilliness, headache and malaise occurred 
with equal frequency in the two groups. No dif¬ 
ference was noted between the treated and control 
patients in the time of disappearance of physical 
signs. 

The number of patients with fever is recorded 
in Figure 3, At each four hour time period prior 
to treatment, the incidence of fever was the same 
in the hv o groups. Following therapy, the per 

2 A significant rise is considered to be two dilution in¬ 
crements when the convalescent titer is compared to the 
acute titer. 

* Observations made after the development of purulent 
complications in four patients from the control group 
were not included in this analysis. 



Fig. 1. Effect of Cortisone Therapy on the Symp¬ 
toms OF Streptococcal Tonsillitis and Pharyngitis 


cent of patients with fever was greater in those 
who received cortisone than in the control group. 
This difference, evident up to the third day of 
treatment, was as great as 26 per cent. 

There were 15 patients who developed a com¬ 
plication during the period of treatment with corti¬ 
sone or saline injections (Table II). Two of the 


EFFECT OF CORTISONE ON THE PHYSICAL 
SIGNS OF STREPTOCOCCAL SORE THROAT 



DAY OF DISEASE 
Fig. 2 
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TABLE n 

The effect of cortisone on the complications of 


streptococcal sore 

throat 

Cortisone 

Kroup 

Control 

Kroup 

Complkatloii 

(37 cases) 

(87 catcj) 

Suppuratiye: 

A. During treatment 

1. Peritonsillar cellulitis 

0 

3 

2. Otitis media 

4 

7 

3. Appendicitis 

1 

0 

B. Following treatment 

1. Exudative tonsillitis 

4 

3 

2. Peritonsillar cellulitis 

1 

2 

3. Otitis media 

1 

0 

Non-suppurative: 

Rheumatic fever 

2 

S 


three peritonsillar abscesses required incision and 
drainage, and in one instance of acute otitis media 
spontaneous rupture occurred. All three of these 
patients from the control group received penicillin 
as therapy. Symptoms of otitis media were pres¬ 
ent in six untreated and four treated patients but 
were not severe enough to require specific therapy. 
In the group treated with cortisone, one patient 
developed acute appendicitis, the symptoms of 
which began 20 hours after the initial injection. 
With continued administration of cortisone, ab¬ 
dominal tenderness and rigidity, increase in pulse 
rate, and an elevated leucocyte count persisted. At 
operation, 20 hours after the onset of abdominal 
symptoms, a gangrenous appendix was removed. 
No &^to-hemolytic streptococci were isolated from 
cultures of the appendix taken at the time of 
operation. 

Suppurative complications, which became evi¬ 
dent within ten days after the period of hospital 
observation, occurred in six patients in the treated 
group and in five in the control group. In the 
group receiving cortisone four patients with recur¬ 
rences of exudative tonsillitis, one with peritonsil¬ 
lar cellulitis and one with acute otitis media were 
readmitted to the hospital. In the control group, 
there were readmissions for exudative tonsillitis 
in three cases and peritonsillar cellulitis in two 
patients, 

A total of seven patients developed a non¬ 
suppurative sequela diagnosed as definite rheu¬ 
matic fever according to a modification (10) of 
the classification of Jones (11). Two of the pa¬ 
tients with rheumatic fever had received cortisone 
and five had received no therapy. All seven pa¬ 
tients exhibited migrating polyarthritis, fever, and 
an elevated sedimentation rate. A past history of 


rheumatic fever was obtained in only one patient 
W'ho was from the control group. The electro¬ 
cardiographic abnormalities are recorded in Table 
III. The interval from the onset of the observed 
respiratory infection to the first symptom of rheu¬ 
matic fever was 18 and 27 days in the treated 
group and 13, 19, 19, 27 and 28 days in the control 
patients. None of the seven patients showed bac¬ 
teriological evidence of an intervening streptococcal 
infection, although one patient from the control 
group (interval 13 days) entered the hospital with 
peritonsillar cellulitis four days before the first 
symptom of rheumatic fever. 

There were 15 patients who exhibited abnor¬ 
malities of the P-R interval on the electrocardio¬ 
gram recorded about 21 days after the onset of 
e.xudative tonsillitis or pharyngitis (Table HI)- 
Of the patients who received cortisone the P-R 
interval was greater than 0.21 seconds in five, and 
only one of these had symptoms of rheumatic fever. 
In the control group of patients four showed a 
prolongation of the P-R interval, three of whom 
had symptoms of rheumatic fever. In addition, 
there were three patients in the treated and three 
patients in the control group whose P-R interval 
increased at least 0.04 second on the 21st day as 
compared to the initial recording. 

Of the group of eight patients who showed ab¬ 
normal P-R intervals on the electrocardiogram 
and who showed no other evidence of rheumatic 
fever, four in the cortisone treated group showed 
bacteriological evidence of a new infection. A new 
type of streptococcus was isolated from the phar- 


TABLE III 

Effect of cortisone therapy of acute streptococcal infections on 
the poststreptococcal electrocardiogram 



Classification 

Cortisone 

group 

Control 

group 

Total 

cases 

Cases 

Total 

cases 

Cases 

Rheumatic fever: 

2 


s 


P-R interval greater than 0.21 




3 

second 


1 



Increase P-R interval of at least 




2 

0.04 second* 


1 



No svmptoms of rheumatic fever: 

85 




P-R interval greater than 0.21 




1 

second ... 





Increase in P-R of at least 0.04 




1 

second* 





Totals 

87 

8 

87 

7 


* Exclusive of individuals showing a P-R interval oi 


over 0.21 second. 
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ynx of three patients at the time of the second 
electrocardiogram but there was no other evidence 
of infection. In one patient a new type of streptO' 
coccus was isolated at the time of readmission to 
the hospital for exudative tonsillitis seven days 
after the onset of the original infection. 

Total leucocyte counts were obtained daily dur¬ 
ing hospitalization in 96.6 per cent of the cases. 
The percentage of leucocyte counts greater than 
10,000 is recorded in Table IV according to hos¬ 
pital day. The number of elevated leucocyte 
counts fell continuously in the control group. In 
contrast, the treated group showed a decrease in 
elevated counts on the second day followed by a 
return to a high level and then a gradual fall. 

Group A streptococci were isolated at some time 
during hospitalization in 95.3 per cent of the 
cortisone treated group and 96.5 per cent of the 
control group. The same type of organism was 


TABLE IV 

Effect oj cortisone therapy in streptococcal sore throat on 
the total leucocyte count 


Croup 


Per cent of leucocyte counts greater than 
10,000 according to hospital day 



1 

2 

3 

4 

5 

Cortisone 

95.1 

78.7 1 

90.7 

83.5 

78.8 

Control 

92,9 

83.5 ; 

1 

54.7 I 

1 

48.2 

48.1 


isolated during the acute illness and throughout 
the follow-up period in 79.5 per cent of the treated 
group and 71.6 per cent of the untreated group. 
A new type of streptococcus was identified in 8.5 
per cent of the cortisone group and 4.9 per cent 
of the control group. All of these changes in 
type, except for one instance in the control group, 
were demonstrated after discharge from the 
hospital. 

The antistreptolysin titers of the sera collected 
on admission to the hospital and five to seven days 
after the onset of the disease are recorded in Fig¬ 
ure 4. Since the distribution of the antistrepto¬ 
lysin titers of the acute phase sera is very similar 
in the two the average rise in the antibody titer 
during convalescence may be compared. 

At the end of the first week of illness the sera 
of the control group showed an average rise of 
0.770 dilutions (Table V) as compared to a rise 
of 0.541 in the cortisone treated patients. During 
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the subsequent three weeks the average increase 
in antibody was somewhat greater in the treated 
group than in the patients who received no therapy. 
These differences were 0.175, 0.181, and 0.332 
dilution increments at the second, third and fourth 
weeks, respectively.® 

»In the treated series, those patients who gave a history 
of tonsillectomy had a higher antistreptolysin response 
than those with no such history. The average dilution 
increment in those without tonsils at the end of two, three 
and four weeks was 4.454, 5.173, and 5.173, respectively, 
as compared to 3.350, 3.650, and 3.542 in the patients with 
tonsils. No difference was noted in the control group. 


THE effect of cortisone 
ON THE antistreptolysin 
TITER IN streptococcal SORE THROAT 
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TABLE V 


Group 


Cortisone 

Control 


Cortisone 

Control 


Cortisone 

Control 


Cortisone 

Control 


Days after 
onset of 
illness 

Number 

of 

sera 

Aver.>Kc 
dilution 
increase In 
untlsttcpto- 
lysiu titert 

5-7 

84 

0.541 


84 

-- 

0.770 

14-18 

79 

3.607 


81 

3.432 

20-25 

78 

4.012 


83 

3.831 

27-32 

75 

3.973 


78 

. 

3.641 


excluded. therapy are 

relJdedhfigu^^^^^ tests are 

is assigned a value of one tliludon 

titer are related back rn minus). All changes in 

obtained during the first 31 hourTof illSess?'""* 

The only untoward effect noted during cortisone 
therapy was soreness around the area of injection 
n all patients. The soreness was most marked 

ished somewhat by the time of the last injection. 
DISCUSSION 

Adrenocorticotrophic hormone (ACTH) and - 
adrenal cortical extracts have been used in studies 
designed to determine the effect of these hormones 
infections. Perla and Marmor- 
n (12) treated 17 cases of bronchopneumonia, 
one case of induced malaria, and six severe “grip¬ 
pal infections with adrenal cortical extract. 
These authors report that such therapy was 
enefieial in that it shortened the convalescent 

non-immunized 

c ildren who had whooping cough with adrenal 
cortical extract and reported the mildest course 
in this group when compared to other similar 
groups receiving pertussis antigens .or triple ty¬ 
phoid vaccine. More recently, Finland, Kass, 
and Ingbar (14) used ACTH in the treatment 
of one case of pneumococcal pneumonia and one 
patient with virus pneumonia. These patients 
showed rapid symptomatic improvement. 

In contrast to the above studies, the data pre¬ 
sented here show that the adrenal hormone, corti¬ 
sone, in the doses used, had no effect on the symp¬ 


toms or physical signs of acute streptococcal sore 
throat Furtiiermoro, fever appeared to be pro- 
ongcd in those patients receiving cortisone. 

Whether cortisone therapy affects the develop- 
incnt of complications can not be determined from 
the data obtained. There were ten such complica¬ 
tions which developed in the control group during 
the period of treatment with saline and five in the 
cortisone treated group. There was one patient 
treated with cortisone who exhibited abdominal 
tenderness and rigidity, rapid pulse rate, fever and 
eucocytosis. This is in contrast to the report of 
eck, Browne, Johnson, Kennedy and Macken¬ 
zie (15) who observed two patients who developed 
peritonitis during treatment with ACTH but who 

failed to exhibit the classical features of this 
disease. 

Leucocytosis during the course of cortisone 
therapy as demonstrated in this study has been 
noted previously (16-19). The decrease in per¬ 
centage of treated patients having leucocyte counts 
greater than 10,000 on the second day (Table IV) 
can possibly be explained by the fact that on this 
day most of the determinations were made about 
one hour after treatment. This drop in total leu¬ 
cocyte count immediately following the injection 
of ACTH and adrenal cortical extracts has been 
described (1, 20, 21). The remaining counts were 
taken about 13 hours following the previous 
injection. 

A number of investigators have studied the re¬ 
lationship between adrenal hormones (22-30) and 
antibody production. Chase, White, and Dough- 
erty (22) report that the administration of adrenal 
cortical extracts to animals receiving injections 
of staphylococcal toxin, horse serum, egg albumin 
or sheep cells results in higher antibody titers than 
obtained in control animals which received no 
adrenal extract. Mirick (23), however, reports 
that in man the administration of ACTH or corti¬ 
sone does not alter the antibody response to im¬ 
munization with pneumococcal polysaccharides. 
Finland, Kass, and Ingbar (14) observed that in 
one patient with pneumococcal pneumonia treated 
with ACTH antibodies appeared in the serum at 
about the expected time. 

In contrast to the above reports, Fischel (24) 
demonstrated an inhibition of antibody formation 
in rabbits given ACTH during immunization with 
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formalinized pneumococci. Gernllith and Ottinger 
(25) report that ACTH and cortisone adminis¬ 
tration markedly suppressed the formation of anti¬ 
body to egg albumin in rabbits. In these e.'cperi- 
ments 10 mgms of cortisone were administered 
daily for 18 days to rabbits weighing 2 kgms. 
Such therapy completely inhibited antibody forma¬ 
tion to egg albumin. It is to be noted, however, 
that antibody was not measured several weeks af¬ 
ter the experimental period was completed. The 
relative doses oi cortisone employed in these. 
rabbits were greater than those used in the present 
study. 

Antibodies to various products of group A strep¬ 
tococci are especially high in patients with rheu¬ 
matic fever (31, 32). Recently it has been dem¬ 
onstrated that the attack rate of rheumatic fever 
following streptococcal pharyngitis is related, in 
part, to the magnitude of the antibody response 
(33). Procedures which alter this antibody re¬ 
sponse may also alter the incidence of subsequent 
rheumatic fever. Thus penicillin therapy of acute 
streptococcal pharyngitis inhibits the formation of 
antibody presumably because of the eradication 
of the antigen (streptococci) from the throat and 
at the same time ^ch treatment markedly de-* 
creases the incidence of acute rheumatic fever 
( 10 ). . . 

Cortisone therapy as employed in the present 
study failed to alter appreciably the antistreptolysin 
response to streptococcal infections. Because the 
sera of the treated group showed a somewhat lower 
antibody titer at six days than the sera of the con¬ 
trol group there may have beer, a slight inhibition 
of antibody formation. It should be emphasized, 
however, that the increase in antibody was some¬ 
what greater in the treated group than in the con¬ 
trol patients two, three and four weeks after the 
onset of illness. This may be due to the fact that 
cortisone is not antibacterial, so that when treat¬ 
ment was discontinued the antigenic stimulus was 
still effective. 

The effect of cortisone therapy on acute strep¬ 
tococcal infections is of especial interest not only 
because of the above considerations, but also be¬ 
cause the compound also exerts a remarkable ef¬ 
fect when administered to patients with rheu¬ 
matic fever (2-4). Acute rheumatic fever was 
not prevented by cortisone therapy. Although 


there were only two cases in the treated group and 
five cases among the control patients, this distri¬ 
bution could have occurred by chance. Since the 
incidence of abnormal electrocardiograms was 
equal in the treated and control group of patients, 
cortisone therapy had no effect on these signs 
which are frequently associated with rheumatic 
fever. Since there may have been a slight inhibi¬ 
tion of antibody formation during the period of 
therapy, it is entirely possible that larger doses 
of cortisone administered for a longer period of 
time may inhibit antibody production and reduce 
the incidence of rheumatic fever. 

SUMMARY 

Eighty-seven treated and 87 control patients 
were studied to determine the effect of cortisone 
on the clinical and immunological response to 
streptococcal respiratory infections. Cortisone 
therapy, in the dosages employed, exerted no ef¬ 
fect on the symptoms or physical signs of this 
infection. Patients who received cortisone ex¬ 
hibited fever for a longer period of time than the 
control patients. Suppurative complications de¬ 
veloped during the period of cortisone or saline 
injections in one of the treated patients and in three 
of the control subjects. 

Rheumatic fever was diagnosed in two treated 
and five control subjects. The P-R interval re¬ 
corded approximately three weeks after the onset 
of illness was greater than 0.21 second in a total 
of five of the treated and four of the control group. 

The increase in the antistreptolysin titer .was 
somewhat less in the sera of the treated group than 
in the control patients one week after the onset 
of the infection, but at two, three and four weeks 
the formation of antibody was slightly greater in 
treated than in the control patients. 
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INTRODUCTION 

Although there is general agreement on the role 
of the hypothalamic-hypophyseal region in the 
genesis of diabetes insipidus (1), the nature of 
the renal defect which results in the excretion of 
a copious and dilute urine has remained obscure. 
The excretion of a hypotonic urine in diabetes in¬ 
sipidus may be explained by any of three hy¬ 
potheses: (fl) the delivery of a hypotonic fluid 
from the proximal tubule, or (b) an isotonic proxi¬ 
mal urine with solute reabsorption in the distal 
tubule, and (c) an isotonic proximal urine with 
water secretion in the distal tubule. 

A complete decision with regard to these hy¬ 
potheses is not at hand. Hypothesis (a), assum¬ 
ing a hypotonic proximal fluid (2), although pre¬ 
sumably based on the observations of Walker and 
his associates (3) would require a much greater 
hypotonicity than ever observed in order to ex¬ 
plain the low urinary osmolarity of diabetes in¬ 
sipidus. Hypothesis (6) (4), most widely ac¬ 
cepted at present, holds that the polyuria is due 
to lack of water reabsorption in the distal renal 
tubule. Normally % of the glomerular filtrate is 
reabsorbed isotonically in the proximal tubule, 
while Ys, under the hormonal control of the hy¬ 
pothalamic-hypophyseal region, may be reabsorbed 
in the distal tubule. Lack of hormone results in 
a maximum diuresis of about % of the glomerular 
filtration rate. This hypothesis, in order to ex¬ 
plain the dilute urine of diabetes insipidus, re¬ 
quires the assumption of solute reabsorption in the 
distal tubule, with a distal reabsorbate of un¬ 
specified but hypertonic osmolarity. Hypothesis 
(c), popular before the general acceptance of the 
glomerular filtration theory, has for its major ob¬ 
jection the demonstrated proportionality between 
urine flow and arterial pressure in the isolated 
kidney (5). 

^ Present address: University of Louisville, School of 
Medicine, Department of Pediatrics, Louisville, Ky. 


It appeared that osmotic diuresis in patients 
with diabetes insipidus might offer a means of 
testing the three hypotheses. Given an unchanged 
glomerular filtration rate, and assuming with 
Shannon (2) that the urine formed in diabetes 
insipidus resembles that which is delivered to the 
distal tubule, no significant change in urinary os¬ 
molarity should occur after loading. The predic¬ 
tions of hypothesis (b) depend on the nature of 
the distal reabsorptive process assumed. Hypothe¬ 
sis (c) would require that, given a constant rate 
of secretion of hypotonic urine prior to loading, 
the increment of urine flow during osmotic diuresis, 
representing additional pro.ximal fluid, be nearly 
isotonic with plasma. 

Osmotic diuresis with mannitol loading was 
produced in three subjects with diabetes insipidus. 
The rates of urine flow and solute excretion be¬ 
fore and during loading as well as those of glo¬ 
merular filtration and renal plasma flow were 
studied. 


EXPERIMENTAL 

The subjects of the present study were one woman, 
19 years, and two boys, six and 12 years of age, with 
diabetes insipidus. They had abstained from food an 
drink for four to eight hours, and from pitressin medi 
cation for two to three days preceding the test. 

Mannitol, in 25% solution, was administered as the 
loading solute. Two priming injections, the first of 
and the second of 90 milliosmoles (mOsm.) per 1-73 i 
calculated to add 20 and 10 mOsm., respectively, 
liter of distribution volume, were given, followed by a 
maintenance infusion in the amount of 1% of the priming 
dose per minute. All infusion fluids had sufficient 
aminohippurate (PAH) added to maintain a plasma eve 
of about 3 mgm./lOO cc., for the measurement of rena 
plasma flow. After a 20 minute period of equilibration 
following the priming infusion, urine was collecte or 
two or three periods of lS-20 minutes each at both oa 
ing levels and blood samples were drawn at appropriate 
intervals. The urine and blood were analysed for man¬ 
nitol, urea, sodium, potassium, chloride, and PAH. os¬ 
motic activity was determined directly by the freezmg 
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point in urine, and calculated from the determined® 
solutes in blood. The analytical techniques used have been 
described (6). 

Toward the end of the test periods, the patients be¬ 
came weak and listless and the skin felt cold to touch. 
One patient, D. S., complained of headache, and anotlier 
vomited repeatedly when he drank water after the test 
The tests were repeated on two of the patients, D, E. 
and I. W., after an interval of three to four weeks, while 
they were receiving pitressin. Five-tenths cc. of an 
aqueous solution of pitressin {10 pressor units) was given 
intramuscularly every three hours for 20 hours preceding, 
and every two hours during the test On pitressin, tlie 
patients were able to withstand 16 hours of water depriva¬ 
tion, and experienced no untoward symptoms during the 
loading procedure. 

® Osmotic Activity of Plasma =[2(Na-fK)—8'f- 
Urea-h Mannitol] X 7, where 7, the activity coefficient of 
plasma, was assumed to be 0.92. 


RESULTS , 

Table I presents results on three patients ob¬ 
tained in five tests comprising 40 periods of urine 
collection. Data include the corrected minute vol¬ 
ume of urine, the osmolarity of urine and plasma, 
clearance of mannitol and PAH, and the filtration 
fraction. 

It may be seen that during the pre-loading pe¬ 
riods, the urine flow remained at high values of 5.1- 
11 cc./min., despite the hydropenic state of the 
subjects. The urine was hypotonic, its osmolarity 
reaching values as low as 56 mOsm./L., or ap¬ 
proximately % that of plasma. After loading, 
with increasing flows, the osmolarity of the urine 
increased. The highest value obtained, 232 
mOsm./L., was slightly more than % of the plasma 


TABLE I 

Urine fiow, osmolarity, and clearances of mannitol and PAH during mannitol diuresis 


L W., 2-25-50, S.A. 1.45 Mannitol. No pitressin: 


Period no. 

Conniirent time 

Urine volume 

Osmolarity 

uriae 

Osmolarity 

plasma 

Clearance 

mannitol 

Clearance PAH 

Clearance mann. 
Clearance PAH 



a.tmin.tl.73 

mOsm./l.. 

mOsm./L. 

ce./mi)t./J.73 M> 

cc./min./i.73 U* 


P-1 

-76 to -46 

3.14 

67 




i 

P.2 

-46 to -18 

6.76 

58 


1 

\ 

1 

P.3 

-18 to -6 

7.31 

56 

285 



1 


0 to 7,0 


121 cc, of 25% Mannitol 




X-I 

—6 to 20 

M 

124 





1 

20 to 30 


158 

291 

104.2 

498 i 

0.21 

2 

30 to 40 

■H 

155 

295 

92.2 1 

451 1 

0.20 


42 to SO 


104 cc.of 25% Mannitol 




X-II 

40 to 62 

19.6 

185 





3 

62 to 80 

17.6 

208 

300 

90.8 

496 

0.18 

4 

30 to 90 

14.9 

228 

304 

84.9 

472 

0.18 

5 

90 to 102 

14.5 

232 






D. E., 12-8-49, S. A. 0.81 M\ Mannitol, No pitressin: 


P-1 

P-2 

-71 to -32 
-32 to -10 

6.92 

7.58 

132 

113 

300 


1 

i 

i 



0 to 10 


69 cc. of 25% Mannitol 




X-I 

i -10 to 21 

11.8 

159 





1 

21 to 40 

11.3 

170 

316 

54.5 

325 

0.17 

2 

40 to 58 

10.7 

184 

317 

52.0 

329 

0.16 


60 to 69 


36 cc. of 25% Mannitol 




X-II 

58 to 75 

14.7 

195 



1 

I 


3 

75 to 93 

15.2 

200 

324 

55.4 

388 i 

0.14 

4 

93 to 125 

11.0 

212 

332 

43.9 

256 

0.17 
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TAiiLii 1— Continued 

D. S., 2-6-50, S. A. 0.S3 Mannitol, No pitressin: 


Period no. 

Concurrent time 

1 

Urine volume 

OamolarUy 

urine 

Oamoi.irity 

tiljjin.i 

Clc.uancc 

inunniCul 

Clearance P.\II 

Clearance mann. 
Clearance PAli 


min. 


inOim./L. 

mOsm./l.. 

cc.lmin.fl.7i M> 

cc.fmin.fl.li .1/’ 


p-r 

-69 to -37 

mm 

56 

1 

1 

1 



0 to 10 


71 cc. of 25% M.innitol I.V. 



X-I 

-37 to 16 

13.1 






1 

16 to 26 

27.9 






2 

26 to 37 

18.8 

HBiH 






39 to 49 


37 cc. of 25% Mannitol 



1 

X-II 

37 to 50 

19.8 

147 





3 

50 to 59 

21.0 

146 






D. E., 1-11-50, S.A. 0.S2 M^, Mannitol, Pitressin: 


P-1 

—94 to —46 


777 




P-2 

—46 to —12 

■9 

747 

263 




0 to 7.4 61 cc. of 25% Mannitol 


X-I 

-12 to 35 

5.91 

583 





1 

35 to 60 

6.50 

605 

269 

145.5 

597 


2 

60 to 78 

6.18 

602 

271 

135.2 

554 

0.Z4 


79 to 84 40 cc. of 25% Mannitol 


X-II 

78 to 102 

8.29 

551 




0.23 

3 

102 to 130 

8.31 

538 

277 

118.5 

513 

4 

130 to 157 

8.84 

511 

277 

132.8 

469 

0.28 


J. W; 3-25-50, 5.v4. 1.45 M'^, Alannitol, Pitressin: 


P-1 

— 73 to —40 

0.43 

605 




P-2 

—40 to —3 

0.76 

677 

303 




0 to 11 121 cc. of 25% Mannitol 


X-I 

—3 to 25 

3.50 

606 




0.17 

0.18 

1 

25 to 35 

3.62 

606 

307 

95.6 

565 

2 

35 to 54 

4.15 

611 

307 

107 

606 


58 to 69 


104 cc. of 25% Mannitol 




X-II 1 

54 to 79 

4.83 

624 



405 

0.24 

0.20 

3 

79 to 89 

5.33 

608 

314 

95.5 

4 

89 to 99 

6.45 

605 

318 

104 

510 










osmolarity. Urine flows increased two- to three¬ 
fold over the preliminary rates to values of 15-28 
cc./min. These effects are the reverse of those 
observed in normal hydropenic subjects during 
solute loading, where with increasing flows uri¬ 
nary osmolarity decreased but remained greater 
than that of plasma (6). 

The last two tests shown in the table were per¬ 


formed on patients D. E. and I. W. while t ey 
were under the influence of pitressin. During t e 
pre-loading periods, the urine flow varied^ between 
0.43 to 1.15 cc./min.» After loading, with flows 
attaining values as high as 8.8 cc./min., urinary 

3 The high preliminary flows observed in patient D. E. 
perhaps may be explained by a mild electrolyturetic ac¬ 
tion of the pitressin. 
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osmolarity decreased to a value of 511 mOsm./L. 
The results were essentially the same as those ob¬ 
served in normal hydropenic subjects after man¬ 
nitol loading (6). 

The clearances of mannitol and PAH were low 
in patient D. E., a 12 year old dwarfed boy. When 
the test was repeated with the patient on pitressin, 
the clearance of mannitol increased three-fold and 
that of PAH, two-fold, with an increase in the 
filtration fraction. Decreases in filtration rate have 
been observed in dogs with diabetes insipidus (7), 
In the case of patient I. W., the clearances of both 
mannitol and PAH were normal and did not 
change significantly after pitressin administration. 

It is evident that in each patient, the clearance 
valnes remained nnehanged during the tests. Al¬ 
though no clearances were determined in the pre¬ 
liminary periods, one may assume that they 
changed little with loading both from the constancy 
of the clearances at different levels of loading and 


from data in the literature on normal subjects and 
dogs (8). 

The independence of urine flow from changes 
of filtration rate or renal plasma flow is evident 
from the data shown in the table. 

Figure 1 contains a plot of the values for urine 
flow versus solute load. The curve drawn is based 
on the data of nine normal hydropenic subjects 
during mannitol diuresis. It can be seen that for 
a given solute load, the patients with diabetes 
insipidus excreted urine at a rate two to three times 
greater than normal subjects. On the other hand, 
when treated with pitressin, their response was 
normal. A dependence of urinary volume on the 
“total milliosmolar excretion rate” in patients with 
diabetes insipidus has been noted (9). It is oi 
interest that both patients on pitressin excreted 
solutes in an identical manner despite sizeable 
differences in their filtration rate. 

Figure 2 shows plots of losses of sodium, chlo- 



Fic. 1. Urine Flow versus Osmotic Load 
Open and solid circles refer to the patients with diabetes insipidus, with and 
without pitressin therapy, respectively. The line represents the average flow-load 
curve of nine normal subjects. 
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K*r. 

• NO PDRESSIM 
O PITRESSIH 



Fig. 2. Potassium, Chloride and Sodium Losses versus Osmotic Load during Mannitol 

Loading 

The symbols have the same meaning as in Figure 1. 


ride, and potassium versus total solute load. The 
lines represent linear regressions calculated from 
nine normal hydropenic subjects under conditions 
of osmotic loading with mannitol. It can be seen 
that the data group themselves about the lines in a 
fairly satisfactory manner. The pattern of salt loss 
was the same in both pitressin-treated and un¬ 
treated patients, despite the wide disparity in 
urine flows. Solute loading had little effect on 
potassium excretion in the subjects of the present 
study as observed previously in normal subjects 
(10). Mannitol excretion, not plotted, accounted 
for the same percentage of urinary solutes (50- 
60%) as it did in normal subjects (6). 

The linear relation of sodium, chloride, and 
mannitol to the total solute load indicates that the 
per cent composition of the urine in patients with 
diabetes insipidus during solute loading is similar 
to that of normal subjects. It also suggests that 
the final solute load destined for excretion is as¬ 
sembled in a portion of the tubule proximal to the 
site of concentration or dilution of the urine. 


DISCUSSION 

The observed two- to four-fold increase of uri 
nary osmolarity in patients with diabetes insipidus 
after osmotic loading appears incompatible wit 
a hypothesis which requires the delivery of a hypo 
tonic fluid from the proximal tubule. The cou 
verse hypothesis, namely, the flow of an isotonic 
proximal fluid, may be tested, given the additiona 
assumption that there exists a basal, dilute unn 
flow, that observed in the preliminary periods, 
which changes little throughout the experimen 
After loading, the increment of urinary volume an^ 
load above the control level should consist of iso¬ 
tonic proximal fluid. This may be calculate 
the increment of urinary load divided by the p asm 
osmolarity. Table II contains the calculations o 
the urine flow based on these assumptions, com 
pared with the observed values. The data repre¬ 
sent 23 periods of urine collection, of which 
were obtained during loading. It can be seen that 
the calculated and observed rates of flow were m 
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TABLE II 


Urine flam calculated on the assumption of constant basal flow and addition of isotonic proximal fluid 


Patient 

Period 


IW 

Assumed load 
added* 

(c) 

Plasma osmotic 
activity 

(d> 

Calculati 

Increment 
prox. fluid 
(b + c) 

(e) 1 

:d values | 

Urinet flow 

(0 

Observed flow 
urine 




mOsm./min. 

mOsm./L. 

cc./min. 

cc./min. 

cc./min. 

D. E. 

p-i 

0.92 


300 


1 

6.9 

P-2 

0.86 





7.6 


X-I 

1.88 

0.99 


3.14 

10.4 

11.8 


1 

1.93 

1.04 

316 

t 3,29 

10.5 

11.3 


2 

1.97 

1.08 

317 

3.42 

10.7 

10.7 


X-II 

2.87 i 

1.98 i 


6.15 : 

13.4 

14.7 


3 

3.04 

2.1S 1 

329 

6.67 1 

13.9 1 

15.2 


4 

2.34 

1.45 

332 

4.37 

11.6 

11.0 

1. \V. 

P-2 

0.39 
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6.8 


P-3 

0.41 





7.3 


X-I 

1.74 i 

1.34 1 


4.57 

11.6 

14.0 


1 

2,45 1 

2.05 1 

291 

6.99 

14.0 

15.5 


2 

2.23 

1.83 

295 

6.24 , 

13.3 

14.4 


X-II 

3.63 

3.23 


10.7 ! 

17.7 

19.6 


3 

3.66 

3.26 

300 

10.8 

17.8 

17.6 


4 

3.40 

3.00 

304 

9,93 

17.0 

14.9 


S 

3.36 

2.96 


9.80 

16.8 

14.5 

D. S. 

P-1 

0.60 


i 



' 10.7 


X-I 

1.04 

0.44 


1.56 

12.3 

13.1 


1 

3.63 

3.60 

282 

12.8 

23.5 

27.4 


2 

2.54 

1.94 


6.88 

17.6 

18.8 


X-II 

2.92 

2.32 


7.95 

18.6 

19.9 


3 

3.07 

2.47 

292 

8.46 

19.2 I 

21.0 


Columns (a) and (b) present the values for the observed urinary load and its increment during loading; and column 
(c), the values for the osmotic activity of the plasma. The calculated increments of proximal fluid, i.e., the increment 
of load divided by plasma osmolarity, are presented under column (d); calculated values for the urine flow, obtained by 
adding the calculated increment of isotonic fluid to the basal urine flow, under column (e); and the values for the observed 
urine flow, under column (f). 

* The assumed load added is the difference between post-loading and average pre-loading solute loads, 
t Sum of increment of proximal fluid (d) and basal flow, taken as the average of pre-loading flows. 


reasonably close agreement, the maximum devia¬ 
tion being 17%. The close agreement between 
theoretical and observed urine flows supports the 
validity of both initial assumptions, i.e., an un¬ 
changing basal flow and addition of isotonic fluid 
from the proximal tubule during loading. Since 
the method of calculation is independent of the 
nature of the basal urinary flow and load, the pre¬ 
dictions hold for a hypothesis of solute reabsorp¬ 
tion, if a constant rate of reabsorption ^ in the dis¬ 
tal tubule both before and after loading is assumed, 
as well as for a hypothesis of distal secretion of 
water. 

Direct proof for either hypothesis is not yet 
available. Much indirect evidence, martialled from 
phylogenetic, physiologic, and physico-chemical 

^ The assumption of a variable rate of distal solute rc- 
absorption would fail to explain the added flow or load 
observed during loading. 


considerations, favors a process of a distal secre¬ 
tion rather than one of reabsorption. 

That tubular secretion occurs in the aglomeru- 
lar kidney of certain marine teleosts has been 
shown by Marshall (11), who found, in the ab¬ 
sence of any filtration process, production of a 
urine isotonic with or hypotonic to the plasma. 
Bieter (12) added further evidence by showing 
that the secretion pressure in the ureter was greater 
than the blood pressure in the dorsal aorta. There 
is no a priori phylogenetic reason to deny the 
existence of a secretory function for water in higher 
animals with glomerular kidneys. 

Data from studies on water diuresis in man or 
dog (13-16) may be interpreted in terms of tubu¬ 
lar secretory activity. The ingestion of water is 
followed by a characteristic response in urine flow. 
After a brief lag period the urine flow increases 
to a maximum and declines sharply to the initial 
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URINE DILUTION 
IN 

DISTAL TUBULE 



DISTAL SOLUTE REABSORPTION 
DISTAL WATER SECRETION 


Fig. 3. Schematic Comparison of Secretory and 
Reabsorptive Processes of Urine Dilution in the 
Distal Tubule 

It is assumed that the proximal and peri-tubular extra¬ 
cellular fluids are both isotonic with plasma, but hyper¬ 
tonic to the distal fluid. The assumed osmolarities are 
designated in the diagram. The tonicity of the final urine 
has been taken as % that of plasma. The lines pointing 
toward the left represent energy potentials for the proc¬ 
ess of secretion with the production of a fluid approach¬ 
ing water in composition. The lines pointing to the right 
represent energy potentials for an assumed process of 
distal solute reabsorption which requires a hypertonic 
reabsorbate. Two levels of the distal tubule, representing 
progressive stages of urine dilution, are portrayed. No 
definite value is assumed for the tonicity within the cell 
for the reabsorptive process. Alternative pathways from 
the cell to the extracellular fluid are drawn for the reab¬ 
sorbate, solid lines representing a process of extrusion 
of a hypertonic fluid, and interrupted ones, a process of 
intracellular dilution. 


level. Variations in the amount or in the inode of 
administration of water do not afifect the pattern 
or extent of the diuresis, provided the dose 
is in excess of of the body weight (15&). 
Even while water absorption in the intestine or 
injection hy vein still continues (16b, 17), the 
typical decline of diuresis takes place. Throughout 
the entire course of water diuresis, the filtration 
rate remains essentially unchanged (lS-20). 
ITormonal and nervous factors, i.e., pituitrin, 
epinephrine, thyroxine, and painful or emotional 
stimuli, have profound efTects on both the course 
and amount of the diuresis (21, 22). 

This behavior resembles that of secretory glands. 
Their function is characterized by a specific pat¬ 
tern often riiythmical in nature (23, 24). The 
volume of secretion may vary independently of the 
blood flow (25). Nervous and hormonal factors 
profoundly affect their activity. Plypotonicity of 
secretions is well known, sweat and saliva being 
the outstanding examples (26). 

Some of the thermodynamic implications of the 
production of hypotonic urine, according to the 
alternate assumptions of distal secretion of water 
or distal reabsorption of solutes, may be exam¬ 
ined. Figure 3 is a schematic presentation of the 
assumed energy relations and fluid concentrations 
at two levels of the distal tubule. At any level in 
the distal tubule the concentration gradient be¬ 
tween peri-tubular fluid and the secretion is 300 
mOsm./L., while that between intra-luminal and 
peri-tubular fluids increases progressively. With 
respect to an assumed process of solute reabsorp¬ 
tion, the less the volume of water reabsorbed, the 
more hypertonic must be the reabsorbate. No 
specific assumptions are available for the volume 
of fluid delivered to or reabsorbed from the distal 
tubule. For simplicity, a constant rate of solute 
reabsorption at all levels in the distal tubule has 
been assumed. Whatever volume of a hypertonic 
reabsorbate is postulated, its production will re¬ 
quire more energy than that of a dilute secretion. 


* The energy e.\penditure in the production of dily 
urine by the distal tubule, assuming a single stage physica 
process, may be calculated according to the equation 
von Rhorer (27). 

1) VV = VRT (Uln U/P + P - U) 

The limitations of and justifications for such a method of 
calculation of osmotic work have been discussed m detan 

elsewhere (10). ... j tn 

The volume of water secreted or reabsorbate removed to 
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Inspection o£ the diagram reveals that the con¬ 
centration gradient between lumen and reabsorb- 
ate at any level in the tubule is greater than that 
between peri-tubular fluid and a dilute secretion. 
Furthermore, the gradient increases progressively 
as the urine becomes more dilute. Whether the 
hypertonic reabsorbate per sc is extruded into 
the peri-tubular space or whether it is diluted to 
isotonicity in the tubular cell, the process of distal 

dilute a given amount of isotonic proximal fluid may be 
calculated as follows: 

It is easily seen that 

2) (Op - Ou)n 

is the number of solutes removed in the process of forma- 
tion of dilute urine from an isotonic fluid, be it peri¬ 
tubular, extracellular or proximal tubular fluid, where 
Op = plasma osmolarity, Op urine osmolarity, and n the 
observed rate of urine flow. Then, 



the volume of a secretion of water added to a given amount 
of isotonic proximal fluid, and 

4 ) - ^ V„ 

the volume of a reabsorbate of osmolari^ O,, removed 
from a given amount of isotonic proximal fluid. 

It follows that, 

s) v,-(2=)v.. 

In the case of distal secretion, the concentration gradient 
is from peri-tubular to secretion fluid. Substituting in 
equation f), U is the concentration of the secretion, and P 
that of the peri-tubular fluid. In the case of solute reab¬ 
sorption, the gradient is from distal fluid to reabsorbate, 
so that U would represent the assumed osmolarity of re¬ 
absorbate and P, that of the distal fluid. As a first ap¬ 
proximation, the osmolarity of the secretion may be taken 
as zero. For the reabsorbate, a series of values in multiples 
of plasma osmolarity are assumed. The osmolarity of the 
peri-tubular fluid is taken to be 300, and the final urine, 
60 mOsm./L. Substituting these values in equation /) 
gives a series of relative work units which permit a com¬ 
parison of energy expenditure in terms of a given volume of 
isotonic fluid cleared of solutes as is shown in the following 
table: 

TABLE III 

Energy expenditure for secretory and reahsorptive process in 
the distal tubule 


Vol. of secretion 

Osmol. peri-tub. 
fluid 

Osmol. of 
secretion 

Work unita 

cc.Jmin. 

m Osm./L, 

m OsmJL. 

W/RT 

V. 

300 

0 

300 V. 

Vol. reabsorbate 

Osmol. distal 
fluid 

Osmol. 

reabsorbate 


V./2 

60 

600 

420 V. 

V./3 

60 

900 

536 V. 

V./4 

60 

1,200 

615 V. 

V./IO 

60 

3,000 

876 V. 


solute reabsorption would seem uneconomical com¬ 
pared to that of distal secretion. 

According to the postulate that there is a distal 
secretion, water is transported from an isotonic 
peri-tubular fluid to the tubular lumen. Such a 
process may be experimentally produced and is 
known as "negative anomalous osmosis.” The fac¬ 
tors responsible for negative osmosis depend 
chiefly on the characteristics of the membrane 
(28). A similar process of negative osmosis 
might result in movement of water from hyper¬ 
tonic distal to isotonic peri-tubular fluids, ac¬ 
counting for the concentration of urine in normal 
hydropenic subjects or in patients with diabetes 
insipidus when they receive pitressin. No funda¬ 
mental change in membrane permeability would 
have to be assumed to account for either concen¬ 
tration or dilution of the urine by the kidney. 

The large volume of glomerular filtrate renders 
difficult any attempt to establish the existence of 
a tubular secretory function. Perhaps the only 
acceptable direct evidence would consist of demon¬ 
stration of a rate of urine flow in excess of that of 
filtration, under conditions of extreme reduction 
of filtration rate. 

SUMMARY 

Osmotic diuresis was produced by mannitol 
loading in three patients with diabetes insipidus. 

During hydropenia, a flow of copious and dilute 
urine persisted. After loading, osmolarity of the 
urine rose but remained below that of plasma 
while the urine flow increased more than two-fold. 
For a given solute load the rate of excretion of 
urine was two to three times that of normal sub¬ 
jects. The urine flow was independent of changes 
of filtration rate or blood flow. After administra¬ 
tion of pitressin, the relation of urine flow and 
solute excretion became essentially normal. 

The per cent composition of urinary solutes in 
patients with diabetes insipidus during mannitol 
loading was similar to that of normal subjects 
suggesting that the final solute load destined for 
excretion is assembled in a portion of the tubule 
proximal to the site of concentration or dilution of 
the urine. 

The data on urinary flow and solute load indicate 
that there exists a basal, dilute urine flow in dia¬ 
betes insipidus, and that the increased flow ob- 
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served during loading is due to tlie delivery of 
additional isotonic fluid from the proximal tubule. 

It is postulated, on indirect evidence, that the 
distal tubule may be a special organ of water 
transport and that the production of hypotonic 
urine is due to water secretion, that of a hyper¬ 
tonic urine to water reabsorption, in the distal 
tubule. 
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INTRODUCTION 

The stresses developed during flight may make 
certain physiological mechanisms clear which 
would otherwise be difficult to demonstrate. This 
report is concerned with a condition induced by 
forces peculiar to high speed aircraft, but the re¬ 
sults can be applied to the cerebral circulation dur- 
ing the more familiar stresses induced by gravity in 
the erect position. Amaurosis fugax, or aviator’s 
blackout (1), occurs in normal men when they are 
exposed in the upright seated posture to centri¬ 
fugal forces acting for more than five seconds in 
the direction head to buttocks. Commencing at 
3 to 4 gravity units as a dimming of vision most 
noticeable in the peripheral field, at 4 to 5 gravity 
units it processes to temporary blindness and 
finally, at slightly higher levels, unconsciousness 
occurs. Lambert (2) has shown that apparently 
identical changes in vision can be produced by air 
pressure on the eye balls. By sucking on the eyes 
with a special mask, he prevented blackout during 
high accelerations. His experiment confirmed the 
belief that the centrifugal forces induce blackout 
by causing a decrease in the arterial pressure at 
eye level. This pressure drop results from an in¬ 
crease in the effective weight of the blood which 
increases the effective length of the column above 
the heart. Since the pressure is proportional to 
the acceleration, at 5 gravity units the normal ar¬ 
terial pressure becomes inadequate, for it must 
then raise the blood the equivalent of five times the 
30 cms. distance from the heart to the head. Lam¬ 
bert and Wood (3) have shown that the systolic 
pressure at eye level during exposures producing 
blackout is less than 20 mm. Hg, and they have 
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observed that the pressure often falls temporarily 
to zero (4). Ro.sscn, Rabat and Anderson (5) 
have shown that if the blood supply to the human 
brain is suddenly interrupted, consciousness is lost 
in si.x seconds. The circulation should, theoreti¬ 
cally, be halted by an acceleration which reduces 
the mean arterial pressure at head level to near 
zero values. In spite of this, maintenance of con¬ 
sciousness has been reported during a blackout 
of three minutes duration on the human centri¬ 
fuge (6). This continued alertness for periods of 
30 seconds or more, in the face of a measured cere¬ 
bral arterial pressure of 20 mm. Hg to 30 mm. Hg 
(7) is surprising, Plowever, a survey of the clini¬ 
cal experiences with syncope also yielded extremely 
low values. Data from the observation of four 
different conditions were available (Table I), 
namely, clinical orthostatic hypotension (8-10) 
a phlebotomy followed by syncope (11),’ the use 
of a tilt table with amyl nitrite (12) and collapse 
following puncture of the brachial artery (13). 
The significant parameter in the assessment of 
blood flow is the mean pressure. Since this was 
not explicit in the clinical data, it was calculated 
from the systolic and diastolic pressures by add¬ 
ing of the pulse pressure to the diastolic pres¬ 
sure. (Table I, Column M). To make these 
figures comparable with the data obtained on the 
centrifuge mean pressure at eye level was esti¬ 
mated by subtracting from it the hydrostatic pres¬ 
sure of the fluid column between the brain and the 
various measuring points (Table I, Column E). 
The recorded values for visual symptoms, ranged 
about 30 mm. Hg to 40 mm, Hg; those for syncope 
were approximately 20 mm, Hg. 

These facts suggest that compensating factors 
are at work and that a study of cerebral circula¬ 
tory competence during exposure to gravitational 
fields should be of interest. The nitrous oxide 
technique for the accurate measurement of cerebral 
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blood flow in man requires a longer period than 
was available for applying the stress with the hu¬ 
man centrifuge. However, since there is little 
storage capacity for oxygen in the small blood con¬ 
tent of the brain tissue itself, changes of cerebral 
venous oxygen content will reflect circulatory 
changes occurring within relatively short time 
intervals. Kety and his associates (14) have 
pointed out that the reciprocal of the cerebral 
arterio-venous oxygen difference represents the 
ratio of cerebral blood flow to metabolic demand. 
Although it yields no information concerning either 
of these parameters separately, the cerebral A-V 
O- does constitute a measure of the sufficiency of 
the cerebral circulation. It was, therefore, de¬ 
cided to measure the cerebral venous and arterial 
oxygen saturation during acceleration. 

METHODS 

Arterial pressures at head level were determined by a 
strain gauge blood pressure transmitter (15) connected 
by rigid walled, incollapsible vinylite tubing to a Linde- 


man type cannula placed in the radial artery (16). The 
wrist was held at head level and the gauge was firmly at¬ 
tached to a cap held at eye level. Thus even if the sub¬ 
ject slumped in his seat during the acceleration, there 
would be no movement between the gauge and the brain. 
There is only 5 mm. Hg difference between the mean 
pressures in the carotid and radial arteries of a supine 
man (17); therefore, it was felt that the pressure in the 
radial artery is a satisfactory measure of that in the cere¬ 
bral vessels if due account is taken for hydrostatic ef¬ 
fects. Since blood flow is a function of mean pressure, 
mean pressures were assessed. Planimetry of sample 
pulse curves confirms the accuracy of the calculations of 
mean pressure made by adding ^ of the pulse pressure 
to the diastolic pressure (18). 

The internal jugular vein was punctured by a needle in¬ 
serted just below the mastoid process, using a 19 gauge 
needle. The teehnique was that introduced by Myerson, 
Halloran, and Hirsch (19) and described by Kety (20) 
in his recent account of the quantitative determination 
of cerebral blood flow in man. It results in the place¬ 
ment of the tip of the needle in a region just below the 
jugular foramen where collapse of the vein is impossible 
due to its bony attachment. A 2 by 3 cms. brass plate 
was fastened to the neck by adhesive tape and an at¬ 
tached clamp tightened around the needle to prevent sHp- 


TADLE I 


Estimated mean cerebral blood pressure in mm. Hg during syncope 


Author and Method 

Cause 

Case 

Blood pressure (mm. Hi) 

Symptoms as described by authors 

S/D 

M* 

E* 

ME* 

Ellis and Haynes (8), 

Orthostatic 

1 

65/52 

56 

44 


Feeling of faintness to absolute syncope 

Riva Rocci 

hypotension 

2 

62/46 

51 

29 


Blurring of vision; “all gone feeling” 



3 

33/26 

28 

6 


Buzzing; blurring of vision 



4 

62/41 

48 

24 

27 

Dizziness 



5 

75/56 

62 

40 


Dizziness 



6a 

56/44 

48 

33 


Marked dizziness 



6b 

42/30 

34 

1 


Marked dizziness 

Jeffers, Montgomery 

Orthostatic 1 

wl' 

50/45 

47 



Vertigo; fainting -f-1- 

and Burton (9), Riva 

hypotension 

LM' 

60/50 

53 


21 

Vertigo; fainting 

Rocci 


TM 

42/38 

39 

17 


Vertigo; fainting -f-d—[--f- 

Gregory (10), Riva 

Orthostatic 

la 

45/? 




Fainting 

Rocci 

hypotension 

lb 

50/? 



23 

Very dizzy 



Ic 

55/40 

45 

23 


Dizzy 

Loman and colleagues 

Sudden tilting 

■1 


28 

22 



(12), Tycos elastic ma- 

Amyl nitrite 



22 

16 

19 

Fainting 

nometer, carotid artery 



HH 




Verge of syncope 

McMicheal (11), Riva 
Rocci 

Hemorrhage 

1 

58/7 

20 

<20? 

■ 

Syncope 

Rushmer (13), Hamilton 

Neurogenic 


65/? 

■ 

<43 

■ 

Dizziness 

manometer, Riva Rocci 

collapse 

■ 

45/? 

■ 

<23 

■ 

Unconsciousness 


* M Mean arterial pressure obtained by adding J of pulse pressure to the diastolic pressure. 

E Mean arterial pressure at eye level calculated by allowing for the estimated hydrostatic pressure of the vertical 
column between gauge and eye. 

ME Average pressure from E. 

Table of data collected from various sources showing that the mean arterial pressure can fall below 30 mm. Hg before 
consciousness is seriously impaired, but that syncope develops at 20-25 mm. Hg. 
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pmg during the centrifuge run. Samples could be taken 
rapidly during the run by a series of three-way stop¬ 
cocks, to each of which was attaclicd a syringe (20). 
The heparinized samples were chilled until submitted 
for analysis of oxygen content by the Van Slyke mano- 
metric method (21). The blood was drawn by an ex¬ 
perimenter sitting beside the subject in the cab of the 
centrifuge. Runs were made at accelerations ranging 
from 1.0 to 4.5 g and the force was held constant for one 
to two minutes at each acceleration until the blood sam¬ 
ples had been drawn. Three trained subjects were em¬ 
ployed. Once the needles had been inserted they were 
at ease. Their normal resting blood pressures give ob¬ 
jective confirmation of their relaxation. In two sub¬ 
jects, four series of experiments, involving prolonged ac¬ 
celeration, were made and the oxygen content of 13 sam¬ 
ples of cerebral venous blood determined at the various 
accelerations. In three of these series the arterial blood 
pressure was determined at the same time. (The pos¬ 
sibility of equipment failure with leakage of air into the 
jugular vein was not ignored. The dangers of a small 
aeroembolism are inappreciable and the observer in the 
cab watched the transparent tube leading to the needle. 
If air leakage developed the blood would disappear from 
the tube. This could be seen and the needle removed at 
once. In practice this emergency did not occur.) 

Jugular pressures were recorded by a second strain 
gauge transmitter also held at eye level. Both systems 
were flushed with heparinized saline to prevent clotting. 

A rapid pressure rise following a Valsalva maneuver and 
the. presence of pulsations, which persisted in spite of 
digital occlusion of the jugular vein during acceleration, 
assured the patency of the needle and its free communica¬ 
tion with the intracranial sinuses. 

In two subjects the o.xygen saturation of the blood in 
the jugular vein was measured continuously by drawing it 
through a Kramer glass cuvette oximeter (22) by a 
mejanically actuated syringe (23). The oximeter was 
calibrated by passing blood of known saturation through 
It. Since all the samples were drawn at the same con¬ 
stant speed, the flow effect, characteristic of these in¬ 
struments, could be disregarded. 

Changes in venous oxygen saturation will only reflect 
the sufficiency of the cerebral blood flow provided the ar¬ 
terial saturation remains essentially undisturbed. There¬ 
fore, in control experiments the oximeter was connected 
to the arterial cannula. Arterial saturation was measured 
during typical centrifuge acceleration "runs” such as 4.5 g 
for 15 seconds. It fell from 98% to 93%. Since the 
onset of this change was delayed by more than 10 seconds, 
it occurred too late to affect venous oxygen saturation 
significantly during the period of the greatest depression 
of the saturation. This was during the first 10 seconds 
of the 15 second runs. As will be shown, the most striking 
result has been the maintenance of cerebral venous oxy¬ 
gen saturation in spite of the fall in arterial pressure "in¬ 
duced by the gravitation. No correction has been made 
for a possible slight fall in arterial oxygen saturation dur¬ 
ing the higher, prolonged accelerations. However, the er¬ 
ror resulting from this omission would only depress the 
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apparent venous oxygen saturation and give an impres¬ 
sion of failure of circulatory sufficiency. 

During both arterial and venous oximetry, the blood 
accumulated in the mechanical syringe constituted an in¬ 
tegrated sample giving liie mean value of the saturation 
throughout the sampling period. There was a seven to 
eight second delay before the oximeter revealed changes 
in the oxygen content. This lag was due to the time taken 
for passage of the blood from the brain capillaries to the 
needle (three to four seconds) and thence to the cuvette 
(tour seconds). 

Light signals in the peripheral and central fields of 
vision were employed to assess the visual impairment 
during the runs. The responses were recorded photo¬ 
graphically, together with the other variables under 
study. 

RESULTS 

1. Cerebral venous oxygen content in relation to 

mean arterial pressures 

In Figure 1 mean arterial blood pressure at 
head level is compared with mean venous oxygen 
saturation. The pressure fell in direct proportion 
to the acceleration, attaining 30 mm. Hg at ap¬ 
proximately 4.0 g.® 

The mean cerebral venous o.xygen saturation 
stays materially unchanged in contrast with the 
mean arterial pressure. In fact, two of the three 
series actually show a slight rise in the 2 to 3 g 
range. Some fall occurs at higher accelerations 
but never to the critical values that would be ex¬ 
pected in view of the fall in arterial pressure. Fast 
records of the behavior of the venous oxygen con¬ 
tent during the acceleration show the same picture. 
Figure 2 is a typical example of three records taken 
of two of the subjects, showing changes in oxygen 
saturation in the jugular vein as recorded by direct 

® In extensive studies of arterial pressure at eye level 
during 15 second accelerations of abrupt onset, Lambert 
and Wood (3) have obtained similar results. The main 
difference is the acceleration at which they observed 
visual symptoms. They found that blackout normally 
occurs at 4 to 5 g and their data indicate that the low¬ 
est systolic pressure inducing a blackout during ex¬ 
posure was often zero, and generally below 20 mm. Hg- 
In the present study the mean arterial pressure, as meas¬ 
ured throughout the run, was still approximately 30 mni. 

Hg at 4.5 g. Higher accelerations were needed to pro¬ 
duce visual symptoms in these experiments because m 
order to give time for sampling, the centrifuge was ac¬ 
celerated gradually and the run lasted from one to two 
minutes. This technique elicits a full vasomotor re¬ 
sponse and consequently the arterial pressure was higher 
than in runs used by Wood and his associates (4). 
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Fig. 1. JiIean Arterial Pressure at Head Level 
Plotted against Acceleration 
Ordinate: pressure in mm. Hg and venous oxygen satu¬ 
ration per cent. Abscissa; g units. Cerebral venous oxy¬ 
gen saturation remains essentially constant in spite of the 
fall in arterial pressure during the prolonged one to two 
minute accelerations. 


oximetry. Events in the curve are delayed for 
seven to eight seconds by the time constants of the 


oximeter. After the initial increase from 50% to 
55^, the saturation falls to A2% at the time when 
the arterial pressure is lowest. The vasopressor 
response is associated with a rise in venous satura¬ 
tion which follows the behavior of the blood pres¬ 
sure after the acceleration ends. However, these 
changes in oxygen saturation are small in com¬ 
parison with the great fluctuations in arterial pres¬ 
sure at head level. 

Since the arterio-venous oxygen difference is 
a measure of the sufficiency of the cerebral blood 
supply, some compensatory effect must be re¬ 
sponsible for its remarkable constancy in face of 
the changes in arterial pressure. This effect could 
either be vasodilatation reducing cerebral vascular 
resistance or a fall in venous pressure increasing 
the force driving the blood through the capillary 
bed. 

2. Pressure Measurements in the Jugular Bulb 

It seemed possible that as a result of the ac¬ 
celeration, a negative pressure might develop in 
the intracranial veins which continuously sus¬ 
tained cerebral blood flow and, therefore, venous 
oxygen saturation, by partially compensating for 
the marked fall in cerebral arterial pressure. In 
addition to animal studies using the saggittal sinus 
as a pressure source (7), repeated measurements 



Fig. 2. Arterial Pressure in Subject 3 at Head Level During a Brief 4.5 g Acceleration, 

Lasting IS Seconds 

Abscissa; time in seconds. Ordinate; on left: cerebral venous oxygen saturation in volumes 
per cent; on the right: arterial pressure in mm. Hg. The constants of the oximeter cause a seven 
second delay in the response curve. 
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5155-V 

Fig. 3. Cerebral Arterial and Jugular Venous Pressures during a 30 Second Run at 4.0 c 
Peripheral lights (PL) and center lights (CL) responses respectively. Note the failure to 
respond to the peripheral lights for a few seconds after the deepest fall in arterial pressure. 

were taken at the superior jugular bulb using three and jugular pressures were recorded during a 30 

subjects submitted to both brief and prolonged ac- second acceleration (Figure 3). Seven seconds 

celerations. In each case the pressures remained after the initial fall in arterial pressure, the vaso* 

subzero throughout the acceleration. Brief ac- pressor response took effect and the arterial pres- 

celerations of abrupt onset gave the most marked sure recovered to some extent. The first and third 

pressure falls and records showing the highest and interrupted lines below the venous pressure curve, 

lowest values obtained with such runs are presented, respectively, register response to peripheral an 

In the third subject the results were intermediate central lights (24). This case lost his periphera 

but of an identical pattern. In one run the arterial lights for 3.5 seconds at a mean arterial pressure 



Fig. 4. Cerebral Arterial and Jugular Venous Pressures during ^ 4-^ 5 econd 

Run, Showing the Continued Retention of a High Arterio-Venous Pressure iffeh- 
ENTiAL Due to a Marked Fall in Jugular Pressure during the Acceleration 
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of 10 to 15 mm. Hg, then during the vasopressor 
response, the mean arterial pressure rose to 50 mm. 
Hg and stabilized at 35 mm. Hg. The jugular 
pressure fell to 20 mm. Hg negative pressure at the 
time of the greatest fall in arterial pressure. Later, 
as the arterial pressure rose, the Jugular pressure 
became less negative but still remained 8 mm. Hg 
less than ambient. At critical levels of cerebral 
arterial pressure, this addition could represent the 
difference between unconsciousness and adequate 
responses (see Table I). 

In another case the jugular suction effect was 
much greater (Figure 4), and the fall was momen¬ 
tarily approximately 60 mm. Hg. Although the 
mean arterial pressure was less than 10 mm. Hg 
for three to four seconds, and less than 30 mm. Hg 
for more than six seconds, only mild visual dim¬ 
ming occurred. This may be because the venous 
pressure followed the arterial pressure changes 
and the cerebral arterio-venous pressure differ¬ 
ential was never less than 50 mm. Hg. It was 
noted that whenever the onset of the acceleration 
was gradual, the magnitude of the jugular pressure 
fall was far less. A possible explanation for this 
will be advanced in the discussion. 

DISCUSSION 

These experiments demonstrate that there is 
some mechanism which compensates for the fall 
in cerebral arterial pressure induced by gravita¬ 
tional stress. Scheinberg and Stead (18) have 
also observed that when tilting patients into the 
erect posture, the fall in arterial pressure induced 
by gravity stress was of greater extent than that 
of the cerebral blood flow. They too, point out 
that the apparent fall in cerebral vascular resistance 
could either be due to a mechanical pressure de¬ 
crease on the venous side of the capillary bed, or 
to active cerebral vasodilation. An additional ef¬ 
fect could be a passive dilation of the brain vessels 
brought about by a fall in venous pressure. It is 
possible that all of these mechanisms may He in 
operation at the same time. 

When the stress is imposed rapidly, the ensuing 
subatmospheric pressures which have been demon¬ 
strated in the jugular bulb of men and the saggittal 
sinus of cats and dogs (25, 7) are produced almost 
instantaneously. Any active dilation mediated 
through the nervous system would require several 
seconds. Not only does the subatmospheric pres¬ 


sure effect develop rapidly, but also it is suffi¬ 
ciently intense to account for the continued blood 
flow and high venous oxygen saturation, in a large 
part. However, at no time is it large enough to 
completely balance the fall in arterial pressure. 
Even in the case shown in Figure 4, the arterio¬ 
venous pressure differential sinks approximately 
to one half of its normal value during the run. 
The fact that cerebral vascular sufficiency, as in¬ 
dicated by the cerebral arterio-venous oxygen 
difference, is hardly affected by such a marked fall 
in the driving pressure makes it probable that the 
flow is sustained by a decrease in cerebral vascular 
resistance which assists the direct pull of the ve¬ 
nous pressure fall. 

There is a purely mechanical means by which 
such a fall in resistance may be brought about by a 
pressure decrease on the venous side of the capil¬ 
lary bed. A drop in pressure in the venous plexus 
about the spinal cord during acceleration in the 
upright seated posture would lead to collapse of 
these veins by drainage into the lower abdominal 
system. This space left by them would be filled 
by cerebro-spinal fluid draining from the cranial 
cavity. Thus a passive distension of the cerebral 
vessels might occur to fill the gap left by the 
cerebro-spinal fluid. During the distension of the 
veins a small amount of blood will be aspirated 
from the arterial tree. It was this brief excess of 
blood flow that Ranke (26) and others (25) 
believed might play some part in preventing loss 
of consciousness during short-lasting accelerations. 
For it has long been known that venous and cere¬ 
bro-spinal fluid pressure in the head becomes nega¬ 
tive in man when he assumes the erect posture 
(27). Ranke (26), Jasper and Cypriani (28), 
and Rushmer, Beckman and Lee (25) also rec¬ 
ognized that in animals these pressures become 
strongly subatmospheric during positive accelera¬ 
tion. It has not been generally realized that sig¬ 
nificant deep channels, which can remain patent in 
spite of subatmospheric pressures, are available 
for the return of blood from the brain. Nor, as 
a matter of fact, has the partition into the various 
available channels of the blood returning during 
acceleration yet been analyzed. 

It is now appreciated that the internal and ex¬ 
ternal vertebral venous ple.xes (29) are extensive 
and the internal system is protected from collapse 
during acceleration by the subatmospheric cere- 
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bro-spinal fluid pressure (25). Tliercfore, an 
uninterrupted flow can continue down these ves¬ 
sels. The fact that edema of the face lias been 
reported following blocking of the superior vena 
cava suggests that in man the capacity of the sub¬ 
sidiary channels is limited and that extra pres¬ 
sure is needed to force the full cerebral blood flow 
through them (30). Thus any rise in arterial 
pressure, or active or passive vasodilatation tend¬ 
ing to increase blood flow during acceleration would 
be partially offset by a rise in pressure in the jugu¬ 
lar bulb. When the pressure in this region be¬ 
comes atmospheric, then it may be assumed that 
the jugular veins become available and the resist¬ 
ance to flow would fall accordingly. Such a 
mechanism would explain the simultaneous fluctu¬ 
ations of arterial and venous pressures observed 
in these records. For, as arterial pressure fell 
and flow decreased, the pressure in the jugular 
bulb at the entrance to the cervical venous system 
would fall and the venous pull would increase cor¬ 
respondingly. It also explains why when the gravi¬ 
tational stress is imposed slowly and there is ade¬ 
quate time for a vasopressor response, the fall in 
jugular pressure is far less pronounced than dur¬ 
ing the first few seconds after an abrupt accelera¬ 
tion when the fall in cerebral arterial pressure is 
most marked. 

The increased pulsation in the jugular tracing 
during the acceleration would suggest a vasodila¬ 
tation (Figures 3 and 4). These waves do not 
originate from the auricle and are not transmitted 
up to the jugular vein, for they are not eliminated 
by manual occlusion of the vein during accelera¬ 
tion. They might be due to the direct transmission 
of the arterial pulse through passively dilated 
cerebral vessels. Alternatively, the venous pulsa¬ 
tions may be due to direct transmission of volume 
changes from arteries to veins across the tissues 
of the brain. The pulsations would become more 
intense when the cerebral arterial pressure de¬ 
creased during the acceleration because the arter¬ 
ies are not then so completely distended and would, 
therefore, fluctuate in volume more at any given 
pulse pressure. 

There is some evidence of active cerebral vaso¬ 
dilatation during acceleration. Thus it was found 
that the cerebral venous oxygen saturation in 
anesthetized animals exposed to positive accelera¬ 
tion remained elevated for several minutes after 


the run in spite of normal arterial pressures (31). 
It is of interest in this connection that of the two 
1 g controls in the scries identified by the squares 
in Figure 1, the higher value of 57.25^) was for 
blood taken immediately after a series of pro¬ 
longed runs. Plowever, data such as these can, at 
best, only be regarded as suggestive. Fortunately, 
Kety and his associates (14) have recently shown 
that when in hypertensives, the blood pressure is 
reduced by spinal sympathetic block, there is a 
partial relaxation of the cerebral vessels which 
tends to counteract the decrease in cerebral flow 
which would otherwise occur. This reflex re¬ 
laxation does not compensate as fully for the fall 
in blood pressure as do the various mechanical 
and nerv'ous factors at play during gravitational 
stress. This can be seen by comparing Figure 1 
in their article with Figure 1 in the present article. 
A reduction of the arterial pressure to one half its 
normal value has less influence upon the venous 
oxygen saturation in the cases undergoing ac¬ 
celeration. When contrasted with the results of 
gravity induced cerebral hypotension, the data 
of Kety’s group throw light upon the relative 
roles played by mechanical factors and by active 
cerebral vascular relaxation in the determination 
of cerebral blood flow, always provided that such 
relaxation also occurs in normal persons. Also 
the observation that relaxation of the cerebral ves¬ 
sels appeared to be independent of the degree of 
hypertension does suggest that a similar relaxation 
may occur in normotensive individuals suffering 
a sudden fall in blood pressure. 

If the arterial pressure falls below the value 
necessary to force the blood to head level and hold 
open the carotid vessels and the cerebral vascular 
bed, then unconsciousness will occur no matter 
how perfect the compensation provided by suc¬ 
tion and other factors. Animal experiments (31) 
have suggested that at high accelerations, when the 
pressure falls too low to fill the carotid arteries up 
to the level of the base of the brain, they col¬ 
lapse and flow through the carotid system ceases 
abruptly. Although in the dog the remaining fio'‘'| 
through the pressure protected vertebral and spinal 
vessels may be adequate to maintain consciousness 
(5, 32), in man this is not so.- Consequently, m 
contrast with the dog (31), in man consciousness 
is lost when arterial pressures at head level be¬ 
come subzero. 






% 


CEREBRAL CIRCULATION 


299 


The fact that slightly higher blood pressures 
are required to maintain vision when protection 
against the effects of acceleration is afforded by 
pneumatic anti-G suits (33) may be due to the in¬ 
crease in central venous pressure and in cerebral- 
spinal fluid pressure produced by the inflation of 
such suits. 

Ernstene and Blumgart (34) have suggested 
that one of the reasons for the orthopnoea of con¬ 
gestive heart failure might be an improvement in 
the cerebral circulation that resulted from the 
lowering of the cerebral venous pressure in the 
erect position. It is possible that some significance 
should be attached to this factor (35, 36). Cer¬ 
tainly, the evidence just presented has shown that 
when a subject is placed in the erect position in a 
high gravitational field, the cerebral vascular suffi¬ 
ciency may remain undisturbed in spite of a great 
fall in arterial pressure. It is not yet clear whether 
this occurs solely as a direct result of the decrease 
in pressure on the venous side of the cerebral 
capillaries or whether passive vasodilatation also 
occurs due to an expansion of the cerebral vascular 
bed, but it is probable that whenever the accelera¬ 
tion persists for more than a few seconds, a com¬ 
bination of these effects develops, together with 
some active cerebral vasodilatation. 

SUMMARY 

1. Consciousness is usually lost when the mean 
cerebral blood pressure falls to 25 mm. Hg, but 
during exposure to high accelerations such as 
those producing aviator's blackout, alertness may 
be retained in spite of such mean pressures. 

2. Arterial and cerebral venous oxygen satura¬ 
tion and arterial pressure at head level and cere¬ 
bral venous pressures were measured in three sub¬ 
jects during acceleration. The venous saturation 
remained almost unchanged in spite of great falls 
in cerebral arterial pressure. This suggested that 
some factor was maintaining cerebral blood flow. 

3. Pressures ranging from 20 to 60 mm. Hg be¬ 
low ambient were found in the jugular bulb. This 
effect could maintain consciousness by sustaining 
the arterio-venous pressure differential, or by pro¬ 
ducing a combination of such an effect with pas¬ 
sive cerebral vasodilatation. 

4. There is also evidence that active cerebral 
vasodilatation may occur during prolonged ex¬ 
posure to gravitational stress in the erect posture- 
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HUMAN THYROID GLAND WITH THE SIX- AND EIGHT- 
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By monte a. GREER ^ 
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partment of Medicine, Boston University School of Medicine, Boston, Mass.) 
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Techniques for the determination of thyroid 
function have become increasingly refined since 
the demonstration of the relation of basal oxygen 
consumption to thyroid activity 50 years ago. 
Newer methods include the determination of se¬ 
rum protein-bound iodine and various procedures 
using radioactive iodine. The latter include direct 
measurements of the accumulation in the thyroid 
gland of an administered dose of radioactive io¬ 
dine (1), studies of urinary excretion (2), and 
observations of the rate of formation of serum pro¬ 
tein-bound radioiodine (3). All observers agree 
that there is an elevated rate of accumulation of 
radioactivity in the thyroid gland in hyperthyroid, 
a depressed rate in myxedematous, and an inter¬ 
mediate rate in euthyroid subjects. This is true 
whether the uptake is measured directly over the 
gland or indirectly by excretion curves. 

There is no standardized procedure at present 
among various institutions using radioactive io¬ 
dine, but the general preference seems to be for 
techniques measuring the accumulation of radio- 
iodine directly over the thyroid rather than by ex¬ 
cretion curves. Probably the measurement of 
radioactivity in the thyroid gland 24 hours fol¬ 
lowing the administration of (4) is most com¬ 
monly used. 

Astwood and Stanley (1) found that if the 
radioactivity in the thyroid is measured at fre¬ 
quent intervals following the administration of a 
tracer dose of I^^^, the concentration in the thyroid 
is a linear function of the square root of time. The 
slope of the line expressing this linear relationship 
is constant for the first eight to 12 hours in euthy¬ 
roid subjects and has been called the “accumulation 
gradient.” By means of this technique it is pos- 

^U. S. Public Health Service Fellow of the National 
Cancer Institute. Present address: Pratt Diagnostic 
Hospital, Boston, Mass. 


sible to obtain rapidly an evaluation of thyroid 
function and it is quite valuable in determining the 
effect of various experimental procedures on the 
function of the thyroid gland. For example, if an 
antithyroid compound is administered following 
the initial determination of the gradient, the rela¬ 
tive activity of the drug can be judged by the ex¬ 
tent to which further accumulation of I'®^ is in¬ 
hibited (5). Conversely, the effectiveness of an 
injection of thyrotrophin can be judged by the in¬ 
crease which it produces in the gradient (6). 

Two important objections have been raised to 
using the accumulation gradient as an index of thy¬ 
roid function, however. In the first place, no 
physiologic significance has yet been discovered 
for the finding that the early course of radioiodine 
accumulation follows a parabolic curve. Secondly, 
Astwood and Stanley described their technique 
during the early development of accurate counting 
devices and were limited to a small, shielded, 
• Geiger-Mueller counter which was placed in di¬ 
rect contact with the skin overlying the thyroid. 
Consequently absolute determinations of radio¬ 
activity in the thyroid could not be made and the 
values were recorded only as “counts per second 
per 100 microcuries of administered This 

made it impractical to utilize the observations of 
these investigators in other laboratories since 
the counting device would have to be duplicated 
exactly in order to obtain comparable data. Data 
expressing the radioactivity in the gland as a 
fraction of the administered dose can invalidate 
the second objection. 

The present investigation was undertaken in 
an attempt to correlate the 24-hour uptake with 
other indices of thyroid function involving the 
use of 1^“^. All measurements were made with an 
adequately shielded Geiger-Mueller counter at a 
distance of 55 cm. from the neck. The absolute 
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values obtained can thus be compared witli those 
of other investigators. The accumulation gradient, 
6-hour, S-hour, and 24-hour uptakes were deter¬ 
mined in the same individual and the other three 
functions then correlated separately with the 24- 
hour uptake. 

materials and methods 

All subjects were liealthy, young, clinically euthyroid 
volunteers, predominantly female technicians. Separate 
determinations of all four indices wore made in 75 in¬ 
stances using 3S subjects. Twenty-eight subjects were 
employed more than once, none more than three times. 
Those studied more than once were given oral desiccated 
thyroid following the initial determination. 

A sliielded Sylvania gamma counter (GG~3Q6) was 
so arranged that only the region directly surrounding the 
thyroid would be counted when the apparatus was in posi¬ 
tion. A Tracerlab Autoscalcr was used to total the 
counts. A device was employed which aligned the 
aperture of the shielding over the center of the thyroid 
gland and which could also be arranged to support a 
flask containing at the same distance, when re¬ 

quired. All counting was done at a distance of 55 cm. 
from the end of the Geiger-kfucller tube to the skin over 
the thyroid gland. Using the tube end-on the effective 
center of the counting volume is 6 cm. from the near 
end of the tube. The apparatus is to be described in de¬ 
tail in a future communication (7). 

Approximately 50 microcuries of carrier-free were 
pipetted into either a small 50 cc. glass beaker or Erlen- 
meyer flask, diluted with 15-20 cc. of tap water, and the 
absolute radioactivity determined at a distance of 55 cm. 
from the gamma counter to the near surface of the vessel. 
The subject was thereupon given the solution to drink. 
This was followed by a rinsing of another 15-20 cc. of 
tap water to facilitate removal of the radioactivity from 
the flask, mouth, and pharynx. A single rinsing was 
sufficient to remove 99 per cent of the radioactivity from 
the flask. 

The thyroid region of the subject was tlien counted at 
approximately • hourly intervals during the day. Cor¬ 
rection was made for background radiation and extrathy- 
roidal by subtracting counts made over the lower 
thigh of the subject. The thigh count is somewhat less 
than the count contributed by the non-thyroidal tissues 
of the neck and this is therefore an undercorrection. The 
error thus introduced is not large, however, and is not 
significant except during the first hour or two after the 
tracer dose is given (8). 

Since the counting was done at a distance of 61 cm. 
from the skin to the effective counting center of the 
Geiger-Mueller tube, small variations in the depth of 
the center of the thyroid gland from the skin would have 
little effect on the number of impulses reaching the tube. 
It seemed unnecessary, therefore, to make any correction 
for the estimated center of the thyroid gland since the 
radioactivity in the flask was also measured with its 
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nc.ir surface 61 cm. from the effective counting center 
of the tube. The calculated radioactivity in the gland 
was increased somewhat by back scatter from the cervical 
region, but this would seem to be far less (9) than that 
described by Myant, Pfonour, and Pochin (10). 

The accumulation gradient was determined by plotting 
graphically the per cent of administered radioactivity 
present in the thyroid against the square root of the 
time in minutes following administration. The slope 
of this line was the numerical value of the accumulation 
gradient, Tiic various gradients, 6-hour and 8-hour up¬ 
takes were then plotted, respectively, against the corre¬ 
sponding 2-1-hour uptakes. 

RESULTS 

A close correlation was found to exist between 
the 24-hour uptake and all other functions. In 
the case of the 6-hour and S-hour uptakes, siinpk 
straight line formulae were found to fit the data 
quite well. Since the spread was greater with the 
higher uptakes, the standard deviation and stand¬ 
ard error were calculated as a fraction of the cal¬ 
culated quantity rather than as absolute values. A 
straight line could not be fitted to the data correlat¬ 
ing the accumulation gradient and the 24 -hour up¬ 
take, but a parabolic curve having the formula 
y - 3L2x - 3.26x“ was found to fit quite pre- 
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Fig. 2. Relation of 6-Hour Uptake to 24-Houe Up¬ 
take OF 1“ BY THE ThYEOID 



Fic. 3 . Relation of 8-Hour Uptake to 24-Houe Up¬ 
take OF 1“ BY THE Thyroid 


cisely. The formulae for the various correlations 
with the 24-hour uptake are listed in Table I. In 
each instance y represents the 24-hour uptake 
plotted on the ordinate and x represents the other 
functions, respectively, plotted on the abscissa. 
The formula for the accumulation gradient was 
calculated by the method of least squares. (Fig¬ 
ures 1-3). 

DISCUSSION 

The use of the data in this investigation makes 
possible the translation of the accumulation gradi¬ 
ent, 6-hour, 8-hour, or 24-hour uptake in a eu¬ 
thyroid subject into comparable terms. Thus if 
a subject has an accumulation gradient of 1.6, us¬ 
ing the formula y = 31.2x — 3.26x^, the 24-hour 
uptake can be calculated to be 41.7 ± 6.9 per cent. 
The standard deviation of ± 6.9 is obtained by 
taking 14.1 per cent of y, in this instance 41.7 per 
cent. 


The 24-hour uptake can thus be transformed 
into the 6-hour or 8-hour uptake by dividing by 
1.67 or 1.43, respectively. 

Such translations are chiefly of value in observa¬ 
tions of normal or hypothyroid subjects. It is 
unlikely that the values obtained in thyrotoxic 
subjects would exhibit the same degree of corre¬ 
lation since the rate of uptake is often so rapid 
that the parabolic curve is followed for only a 
short time, making the gradient inaccurate. Also, 
some hyperthyroid patients exhibit a significant 
loss of activity from the gland following the first 
two to three hours after administration of 
This is presumably because a hyperactive gland 
contains only a small store of thyroxin which there¬ 
fore is of unusually high specific activity. The 
higher rate of discharge in thyrotoxicosis serves 
further to accentuate this loss of radioactivity from 
the gland. In euthyroid subjects this does not 
occur since the organically bound I^^^ serves to' 
label a large “pool” of thyroxin and thyroglobulin 
in the colloid from which secretion takes place 
quite slowly. Consequently accurate predictions 
of the 24-hour counts from the accumulation gradi¬ 
ents of thyrotoxic individuals are probably not 
possible. 

The formula expressing the relation between the 
24-hour uptake and the accumulation gradient is 
incorrect for the higher rates of accumulation seen 
in thyrotoxicosis. The parabola formed by this 
formula reaches a maximum at a gradient of 4.8. 
The corresponding 24-hour uptake is 75.8 per cent, 
obviously too low since many patients with severe 
hyperthyroidism have uptakes above 90 per cent. 

The relatively large number of very low uptakes 
and gradients reported here for euthyroid subjects 
are due to the fact that these subjects had been 
given exogenous thyroid hormone as part of an¬ 
other study. It has been found that such therapy 
will produce a diminution in thyroid function, as 
measured by studies with I^®S to levels seen in 
myxedema (11). In every such instance, a pre¬ 
vious uptake before thyroid medication had been 
instituted had shown a normally functioning gland. 
Although the activity of these thyroids was sup¬ 
pressed, no change was produced in the correla¬ 
tion of the various functions studied. It was of 
advantage to study subjects whose thyroid glands 
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were suppressed to various degrees by exogenous 
hormone since in this manner many jjoints could 
be calculated between very low and high uptakes, 
otherwise a difilcult task. 

SUMMARY 

The correlation of the accumulation gradient, 
6-hour, and 8-hour uptake with the 24-hour up¬ 
take of radioactive iodine by the thyroid gland has 
been investigated in euthyroid human subjects. 
A close correlation has been found to exist betweeti 
all four functions. If y is taken to represent the 
24-hour uptake and x the various other functions, 
relatively precise formulae can be constructed by 
means of which the 24-hour uptake can be cal¬ 
culated from any of the other functions and vice 
versa. Thus, y = 31.2x — 3.26x-’ :±: 0.l41y is the 
formula for the accumulation gradient, y = 1.67x 
± 0.129y is the formula for the 6-hour uptake, and 
y = 1.43x ± 0.134y is the formula for the 8-hour 
uptake. These correlations hold even when the 
thyroid gland is suppressed by exogenous thyroid 
hormone. The data presented here may be of 
value in future investigations of thyroid physi¬ 
ology in euthyroid subjects. It is suggested that 
far less correlation would be expected in thyrotoxic 
subjects. 
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INTRODUCTION 

The upright posture imposes a strain upon the 
cardiovascular system, chiefly as a result of its 
hydrostatic effects in the lower half of the body 
which, if unopposed, tend to produce hypotension 
in the upper half. These hydrostatic effects nor¬ 
mally are counteracted by autonomic vasomotor 
adjustments, particularly in the splanchnic region. 
For example, the upright posture in man usu¬ 
ally causes a reduction of renal blood flow (2). 
However, as yet no direct evidence has been re¬ 
ported concerning its effects upon the largest re¬ 
maining portion of the splanchnic circulation, 
namely that draining through the liver. The pres¬ 
ent communication reports measurements of “he¬ 
patic blood flow” obtained with the bromsulfalein 
(BSP) extraction method (3) in normotensive 
and hypertensive subjects studied in the supine, in 
the upright, and again in the supine position. 

METHODS 

The estimated hepatic blood flow (EHBF) was meas¬ 
ured by the intravenous catheterization method of Brad¬ 
ley and associates (3). The continuous infusion of BSP 
was most easily maintained at a constant rate in both 
the horizontal and upright positions by suspending the in¬ 
fusion flask from a pole attached to the tilt table at such 
an angle that the flask remained at the same distance 
above the level of the subclavian vein when the table was 
horizontal or tilted up at 75°. 

The subjects were hospital patients selected for study 
either because they had essentially normal cardiovascular 
, systems or had arterial hypertension without evidence of 
y cardiac, renal or hepatic insufficiency. All were studied 

Presented May 5, 1947 at the Thirty-Ninth Annual 
Meeting of the American Society for Clinical Investiga¬ 
tion, Atlantic City, New Jersey (1). 

- Present address—University Hospitals, Iowa City, 
Iowa. 

® Present address—Columbia University, College of 
Physicians and Surgeons, New York, New York. 


in the basal state, at first supine, then tilted (passively) 
into the upright (75°) position for periods of 10 to 25 
minutes (unless weakness and hypotension supervened), 
and finally, supine again. They were requested to remain 
as relaxed and motionless as possible throughout the test. 
Arterial pressure and pulse rate were measured either 
by the usual clinical methods or (in Cam, Aye and Dun) 
with a Hamilton manometer (4) at short intervals dur¬ 
ing each experiment. 

Spot roentgenograms of the hepatic area were taken in 
each patient before, during, and after the upright tilt to 
demonstrate that the catheter remained properly placed 
in the same position near the center of the right lobe of 
the liver. To avoid possible errors due to mechanical and 
hydrostatic disturbances incident to changing the position 
of the subject, no result was computed on blood samples 
obtained within three minutes after a tilt, except for a few 
determinations made on blood samples that were taken 
immediately after a quick return to the horizontal posi¬ 
tion necessitated by faintness of the patient. As noted in 
Table I, such determinations have been related to the pe¬ 
riod just before rather than after this change of position 
because there appeared to be a time lag of one to two 
minutes before there was evidence of any acute change 
in hepatic blood flow as reflected in altered concentra¬ 
tions of BSP in the blood samples. After this time lag, 
however, considerable changes in serum BSP concentra¬ 
tion could take place with great rapidity, especially when 
the subject had been tilted from the supine to the upright 
position. About four minutes after a tilt the trend of the 
BSP levels became more steady and the results after this 
time were accepted as more reliable measurements of an 
equilibrium state than those obtained earlier after a change 
in position. Furthermore, some subjects tolerated the 
upright position easily (top of Table lA and IB) and the 
results in them during Upright tilting were regarded as 
more reliable than in the less stable subjects, some of 
whom fainted (bottom of Table lA and IB, and Figure 
3 ).* 

An effort was always made to draw the last pair of 
blood samples in each period as late as possible before 
a change in tilt table position. All estimates of rate of 
blood flow were calculated for the actual times of sam¬ 
pling and on the observed rather than the interpolated 

* Only those data obtained after four minutes in a given 
position, and without fainting, are included in the statisti¬ 
cal analysis in Table II. 
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iPon estimated hepatic blood flow {EHBF), mean {half systolic plus diastolic) arterial pressure, calculated hepatic-portal resistance {HPR) 
\d Pulse rate in normotensive (A) and hypertensive (B) subjects, arranged tn order of thetr relative adaptabitity 
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values for scrum concentration of BSP. Rate of change 
(AP) in the peripheral venous or (in Cam, Aye and Dun) 
arterial concentration of BSP was taken as .the calculated 
average for the preceding period in each instance. This 
value never exceeded 0.0006 mg./cc./min., except in four 
instances when the subject had been hypotensive ® (Table 
I). Blood volumes were calculated by the method of 
Gibson and Evans (5). Al^ estimates of hepatic blood 
flow were corrected for standard surface area (1,73 sq.m.). 
Hepatic portal resistance (HPR) was calculated simply 
by dividing the "mean’’ (one-half systolic plus diastolic) 
arterial pressure by tfie EHBF per second. 

A cold pressor test (6)—immersion of one hand in ice 
water for one minute—was applied to six (four normo- 
tensive and two hypertensive) subjects in tire horizontal 
position after a period of recovery from the effects of the 
upright position. This was abandoned later because it 
was found to produce only equivocal effects upon EHBF. 

I 

9 

RESULTS 

A detailed presentation of data is given in Table 
I and a statistical summary in Table II. In both 
normotensive subjects (Table lA, Figure 1) and 
hypertensive patients (Table IB, Figure 2) the 
EHBF decreased following the tilt from the hori¬ 
zontal to the upright position. The decreases in 

® These data were omitted from the statistical analysis 
in Table II. 



SlL MfNUTES OF CONSTAMT BSP INFUSION 


Fig. 1. Chart of EHBF, Arteriai. Pressure and 
Pulse Rate in a Normotensive Subject (Sil), in the 
Horizontal, Upright, and Again in the Horizontal 
Position 

“Mean” arterial pressure (half systolic plus diastolic) 
is indicated by the open circles and interrupted line. At 
the first vertical line, the subject was tilted upright (75°) 
and at the second, horizontal again. 


VAL SUPine • UP 75* SUPINE 



MINUTES OF 'constant BSP INFUSION 

Fig. 2. Chart of EHBF, Arterial Pressure and Pulse 
Rate in a HvpERTENstvE Patient (Val) 

Other notations as in Fig. 1. 

EHBF were usually not associated with propor¬ 
tionate changes in mean arterial pressure, so that 
calculated hepatic-portal resistance (HPR) in¬ 
creased. Comparing only equilibrium values 
(Table II) the EHBF (cc./min.) decreased on 
the average from 1,713 to 1,070 in the normoten¬ 
sive group, from 1,357 to 960 in the hypertensive 
group, and from 1,499 to 1,004 in the combined 
groups. During the upright period, the average 
arterial pressure did not change, so that the HPR 
increased from 3.8 to 5.5 in the normotensive 
group, from 7.3 to 10.1 in the hypertensive group, 
and from 6.0 to 8.3 in the combined groups. These 
changes were significant statistically. 

The changes in EHBF and HPR were not di¬ 
rectly related to increases in pulse rate or to other 
signs and symptoms of poor circulatory adaptation 
to the upright posture (Table I). However, there 
was in general a correlation between the tendency 
of a subject to collapse and to have a low EHBF 
in the upright position. Thus, of the six sub¬ 
jects who fainted, four had an EHBF below 750 
cc./min. during the upright period and another had 
it just after being tilted back horizontal. Although 
six of the ten subjects who had an upright EHBF 
below 750 cc./min. did not faint, three (Gio, She, 
Val) of them had the low flow only during the 
first six minutes after being tilted up, and on fur¬ 
ther standing had-an EHBF above 750 cc./min. 
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Fig. 3. Cii.mit of EHBF, Arteiual Puessure and 
Pulse Rate in a Normotensive Patient (Car) 

At the heavy vertical line the left hand was immersed 
in ice water for one minute. Otlier notations as in Fig. 1. 

Upon returning the subjects from the upright 
to the horizontal position the EHBF and HPR 
usually returned toward, to, or even beyond the 


control horizontal levels after varying periods of 
time. In some subjects the returns were prompt, 
in others they were delayed or incomplete, or oc¬ 
curred only after an initial overshoot beyond the 
{jrevious horizontal values. In one hypertensive 
itulividual (Max) the post-tilt increases of EHBF 
and dccrea.ses of HPR were c.xtrcme and associ¬ 
ated witii a marked an.xiety reaction that began 
with a severe headache. 

Upon tilting the subjects back to the horizontal 
position the average values (Table II) changed as 
follows; EHBF rose from 1.070 to 1.312 in the 
normotensive group, from 960 to 1,417 in the hy¬ 
pertensive group, and from 1,004 to 1,372 m the 
combined groups, while the HPR decreased from 
5.5 to 4.9, from 10.1 to 7.2, and from 8.3 to 6.2, 
respectively. Since the measurements during re¬ 
covery showed greater variability than before tilt¬ 
ing, the changes during this period, while signifi¬ 
cant for the combined and hypertensive groups, 
were not for the normotensive group considered 
separately. 

Except in one patient (Sil), immersion of a 


TABLE n 


Afean values* of csliimlcd hepatic blood flow (EHBF), arterial pressure and hepatic portal resistance (HPR) relation 



! EHBF 

jj. in.) 

Mean} arterial pressure 
(mm. lit) 

HPR 

(mm. UsIcc.lsK.ll.li Si- «■) 


Horizontal 

(Control) 

Upright 

1 

Horizontal j 
(Recovery) 

Horizontal 

(Control) 

Upright 

Horizontal 

(Recovery) 

Horizontal 

(Control) 

Upright 

Horizontal 

(RecovefW 

Normotensives (n = 6) 








5.5 

4.9 

0.6 

-0.6 

0.42 

Mean 

i 

1,070 

1,312 

98 

97 i 

98 

3.8 

Standard Error of Mean 

65 

37 

155 

3 

2 

3 

O.I 

0.6 

Mean DifferenceJ 


-642 

-f242 


-1 

+1 

■— 

-f-1.7 

Significance of Difference (P) 

! — 

<0.01 

0.12 

— 

0.75 

0.81 

■ — 

<0.03 

Hypertensives (n = 9) 







7.3 

lO.l 1 

7.2 

0.7 

-2.4 

1 <0.01 

Mean 

1,357 

960 

1,417 

158 

157 

155 

Standard Error of Mean 

97 

68 

172 

7 

7 

8 

* 0.6 

0.7 

Mean Difference 


-397 

4-428 

— 

! -1 

0 

■ - 

-f2.8 

Significance of Difference (P) 

— 

<0.01 

<0.05 

— 

; 0.78 

0.97 

•- 

<0.01 

Combined Groups (n = 15) i 

Mean 

1,499 

1.004 

1,372 

134 

133 

131 

6.0 

8.3 

1 

6.2 

0.6 

-1.6 

<0.01 

Standard Error of Mean 

107 

61 

116 

9 

9 

9 

0.6 

0,8 

Mean Difference 

— 

-495 

-h348 

— 

-1 

0 



Significance of Difference (P) 

'- 

<0.01 

<0.01 

i 

1 

0.77 

0.87 


<0.01 


* These data represent the group means calculated from the average values of EHBF, arterial pressure and , 
each patient, shown in detail in Table I. Non-equilibrium observations (i. e., those prior to four minutes after a c 
posture, as well as those associated with a faint) were deleted from the calculations. . , cHv 

tThe significance of the differences was calculated by Fisher's method for the significance of unique samples v . j 
P represents the probability that a difference may be due to chance. Values of 0.05 or less (in bold type) denote 'J 

ficant” difference, and 0.01 or less a “highly significant" one. h^tween tb4 

tThe differences refer to the change from the immediately preceding posture. Slight discrepancies , 

mean changes from upright back to horizontal as compared to the mean values in these positions are 
observations were made on one hypertensive patient (Ric) during the control and upright periods, but not during , ,ery- 
§ Average of the systolic and diastolic pressures. 
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hand in ice water for one minute caused slight or 
negligible effects upon EHBF, although it usually 
caused a temporary elevation of arterial pressure 
(Figure 3) and HPR. It was felt that this stimu¬ 
lus, despite its severity, was too brief in duration 
to produce regular effects upon EHBF; conse¬ 
quently, it was abandoned. 

DISCUSSION 

The results reported above confirm the impres¬ 
sion gained from indirect evidence that active vaso¬ 
constriction occurs in splanchnic organs in ad¬ 
dition to the kidneys when human subjects are 
tilted into the upright position. The decreases 
in EHBF found in the upright position can not be 
explained by changes in arteriovenous pressure 
gradient because the arterial pressure did not 
decrease proportionately and the atrial venous 
pressure is known not to increase in this position 
(7). Neither can the decreases in EHBF be at¬ 
tributed to other passive hydrostatic effects such 
as changes in blood volume (8) or intra-abdominal 
pressure (9). That the decreases in EHBF in 
the upright position are probably due to active 
vasoconstriction of sympathetic nervous origin has 
been indicated by repeating the studies of EHBF 
in some of the same subjects after splanchnicec- 
tomy (10). 

No consistent differences in EHBF were found 
behveen the small group of hypertensive patients 
here reported and a larger group of normotensive 
subjects (11). The data indicate that the splanch¬ 
nic circulation is not increased in hypertensive pa¬ 
tients, but that calculated HPR is increased, reflect¬ 
ing the generalized vascular hypertonus usually 
regarded as characteristic of the disease. More 
evidence is being accumulated concerning these 
points by comparing the EHBF and HPR in the 
resting horizontal position in larger groups of hy¬ 
pertensive and normotensive subjects and will 
form the subject of a later report (11). 

SUMMARY 

Hepatic blood flow, as estimated by the brom- 
sulfalein extraction method, decreased in eight 
normotensive and 12 hypertensive subjects after 
passive tilting into the upright (75®) position. 


It failed to change regularly in six subjects after 
immersion of a hand in ice water for one minute. 
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INTRODUCTION* 

It has been found that when norniotcnsive or 
hypertensive subjects arc tilted passively into an 
upright position estimated hepatic blood flow 
(EHBF) (2) decreases and calculated hepatic 
portal resistance (PIPR) increases (3). These 
changes were assumed to be due to active splanch¬ 
nic vasoconstriction, probably mediated over the 
splanchnic sympathetic nervous system. Direct 
evidence bearing on this assumption became avail¬ 
able in some of the hypertensive patients under¬ 
going splanchnic sympathectomy and subsequently 
studied by the same methods as before operation. 
Such studies are the basis of the present report, 

METHOD 

The method was identical with that used in the pre- 
operattve studies already reported (3), The first post¬ 
operative study was usually done within two weeks after 
Ae completion of the second stage of the splanchnicec- 
torny, and, if possible, a second within 12 months. In 
addition, a few patients were studied one to nine years 
after (but not before) operation. The type of sympathec¬ 
tomy unless otherwise noted in Table I, was the lumbo- 
dorsal (thoracolumbar) splanchnicectomy of Smithwick 
(4). After operation some patients ^ were unable to 
stand for any considerable length of time at a 75” tilt 
without marked postural hypotension and symptoms of 
faintness. Therefore, they were tilted back either to less 
marked angles (as noted in Table I) that they could 
tolerate long enough for reliable observations to be made, 
or to the horizontal position where paired samples of 
blood were drawn immediately for measurement of EHBF 


1 Presented in part May S, 1947 at the Thirty-Ninth 
Annual Meeting of the American Society for Clinical 
Investigation, Atlantic City, New Jersey (1). 

2 Public Health Service Special Research Fellow of 
the National Heart Institute. Present address—Uni¬ 
versity Hospitals, Iowa City, Iowa. 

3 No patient was allowed to wear his abdominal pres- 
re girdle or elastic stockings during the test 


which, because of the time lag previously found to occur 
in this situation (3), was related to the upright period 
just before the tilt-back. 

RESULTS 

After lumbodorsal splanchnicectomy postural 
hypotension occurred to some extent in almost all 
the patients, particularly early after the operation. 
If it appeared suddenly it resulted not only in less 
accurate measurements of arterial pressure (which 
varied from moment to moment as the patient 
sighed or moved), but also in other technical diffi¬ 
culties, since it made it necessary hurriedly to 
terminate the period of upright posture, rather 
than leisurely to proceed until a more steady state 
of EHBF had been achieved. For these reasons 
the results in these instances were considered less 
reliable as equilibrium values than those observed 
when the patient was able to stand without great 
difficulty for a considerable period of time.'* 

In all cases after splanchnicectomy there were 
more nearly proportional decreases of EHBF and 
mean (one-half systolic plus diastolic) arterial 
pressure in the upright position (Table I) than 
before operation when relatively large reductions of 
hepatic blood flow and small changes of arterial 
pressure were usually found (Table II). There¬ 
fore, after operation calculated hepatic portal re¬ 
sistance (HPR) was often unchanged in the up¬ 
right position whereas before operation it was 
usually increased. Thus, comparing average 
equilibrium figures, HPR in eight splanchnicecto- 
mized hypertensive patients increased on tilting 
from 6,8 to only 7.2, or 6% (which is not signifi¬ 
cant statistically), whereas in nine unoperated hy- 

* Only those data obtained after four minutes in ® 
given position and without fainting are included in the 
statistical analysis in Table II. 
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Fig. 1. Chart of EHBF, Arterial Pressure and Pulse Rate of a Hyper¬ 
tensive Patient (Max) , Studied in the Horizontal and Upright Positions 
before and after a Lumbodorsal Splanchnicectomy 
“Mean” (half systolic plus diastolic) arterial pressure is indicated by the open 
circles and interrupted lines. During and after the upright position in the pre¬ 
operative test, this patient had a marked anxiety reaction that began with a 
severe headache. 

pertensive patients it increased from 7.3 to 10,1, may also be demonstrated by charts of experiments 
or 38% (which is highly significant statistically), done on individual cases before and after operation 
The findings in the splanchnicectomized group (Figures 1, 2). Here the reductions of EHBF 

TABLE II 


The effect of splanchnicectomy on the mean* * * § responses of the estimated hepatic blood flow {EHBF), arterial pressure and 

hepatic portal resistance {HPR) to upright tilting of the body 



EHBF 

icc,lmin.ll,73 s<i. m.) 

Mean§ arterial pressure 
(mm. Hg) 

HPR 

(mm. Hglcc./sec./1.73 sq. m.) 


Horizontal 

(Control) 

Upright 

Horizontal 

(Recovery) 

Horizontal 

(Control) 

Upright 

Horizontal 

(Recovery) 

Horizontal 

(Control) 

Upright ^ 

Horizontal 

(Recovery) 

Splanchnicectomized patients 
(11 experiments on 8 patients) 


Ml 



125 



■I 


Mean 

1,472 

KBttI 

1,521 

149 

148 

6.8 


6.6 

Standard Error of Mean 

176 


172 

8 

9 

8 

0.6 

0.6 

0.8 

Mean Differencef 

— 


+360 

— 

-24 

+23 

— 

+0.4 

-0.5 

Significance of Difference (P)t 

— 

<0.01 

<0.01 

— 

<0.01 

<0.01 

— 

0.09 

0.44 

Unoperated hypertensive 
patients (n = 9) 







■I 



Mean 

1,357 

960 

1,417 

158 

157 

155 


10.1 

7.2 

Standard Error of Mean 

97 

68 

172 

7 

7 

8 

0.6 

0.7 

0.7 

Mean Differencef 

— 

-397 

+428 

— 

-1 

0 

— 

+2.8 

-2.4 

Significance of Differencef 

- . 

<0.01 

<0.05 

— 

0.78 

0.97 

— 

<0.01 

<0.01 


* The mean values of EHBF, arterial pressure and HPR for the group were calculated from the averages of the ob¬ 
servations on each individual. See Table I for details of splanchnicectomized patients, and the preceding paper (3) for 
unoperated hypertensive patients. 

t Differences refer to the changes from the immediately preceding position. 

i The significance of the difference was calculated by the method of Fisher for unique samples (8). P values of 0.05 
or less (bold type) denote "significant” differences, and values of 0.01 or less "highly significant” differences. 

§ Average of systolic and diastolic pressures. 
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ESTIMATED 
HEPATIC 
QLOOO 
FUOW 
cc.par min. 
par 1.73 >q.m. 


MEAN 

ARTERIAL 

PRESSURE 

mm.Hg 



Fig. 2. Chart of Average EHBF and "Mean” 
(Half Systolic plus Diastolic) ARTEni.\L Pressure 
IN THE Horizontal and Upright Positions in a Hy¬ 
pertensive Patient (McC) before, Two Weeks after, 
AND Six Months after Lumbodorsal Sympathectomy 


in the upright position before operation are seen 
to be essentially unrelated to changes in arterial 
pressure, whereas after operation they were usu¬ 
ally associated with sizeable decreases in arterial 
pressure. 

After return to the horizontal position the 
EHBF in post-operative, as in preoperative, pa¬ 
tients usually returned toward, to, or above the 
previous horizontal control values. Arterial pres¬ 
sure recovered from postural hypotension and cal¬ 
culated HPR did not change significantly (Table 
II). 

DISCUSSION 

The results reported here indicate that the 
splanchnic sympathetic nervous system of hyper¬ 
tensive patients probably mediates, at least in part, 
the vasoconstrictor response in the hepatic portal 
circulation to the upright posture. Thus, sizeable 
increases in HPR usually did not occur in the 
upright position after splanchnicectomy, whereas 
in the same subjects before operation and in nor- 
motensive control subjects (3) they did occur. 
Obviously this does not prove that the changes in 
EHBF found after splanchnicectomy were only 
passive and due solely to associated changes in ar¬ 
terial pressure. However, since the decreases in 
EHBF in the upright position were no greater 
after than before operation, whereas the reductions 
in arterial pressure were much greater, one may 
assume that there was relatively much less active 
vasoconstriction in the hepatic-portal region after 


than before operation. These results give direct 
confirmation to independent hemodynamic studies 
in this laboratory which have shown that reflex 
vasopressor responses to certain blood-pressure- 
lowering stimuli, including the upright posture, 
are greatly reduced after splanchnicectomy (5,6). 

Besides elucidating the influence of the sympa¬ 
thetic nervous .system u{X)n hepatic-portal blood 
flow, these studies indicate the importance of 
hydrostatic factors, particularly of orthostatic ar¬ 
terial hypotension, u{X)n EHBF. Decreases in 
arterial pressure, if sizeable, were usually associ¬ 
ated with sizeable reductions of EHBF in sympa- 
thectomized patients. On the other hand, when 
minor changes of arterial pressure such as those 
usually encountered in normotensive or unsym- 
pathcctomized hypertensive patients in the upright 
position occurred in splanchnicectomized patients 
they were associated with little change in EHBF. 

Although for the reasons just given, both the 
activity of splanchnic sympathetic nervous system 
and the level of the arterial pressure appear to be 
important factors in the normal regulation of 
EHBF, other influences also must be assumed to 
play a role. Thus, even in well-sympathecto- 
mized patients, major “spontaneous” changes m 
EHBF occurred, particularly during and after 
orthostasis, that could not be accounted for on 
the basis of the first two factors alone. For ex¬ 
ample, after standing upright and being returned 
to the horizontal position some postoperative pa¬ 
tients (Gol, McC, and Dea) had large increases 
in horizontal EHBF which could not be explained 
by rises in arterial pressure. 

The observations made in patients during ortho¬ 
static syncope are also of interest in this connec¬ 
tion. As mentioned in a previous paper (3), the 
tendency to collapse in the upright position before 
operation seemed usually related directly to the 
absolute level to which hepatic-portal blood 
fell. Thus, when EHBF fell to 750 cc./min. and 
failed to recover, collapse was usually imminent 
even though the arterial pressure up to that point 
had been well-sustained. After splanchnicectomy* 
however, while patients in the upright position 
usually had a lower arterial pressure and a propor¬ 
tionate decrease in EHBF (at times below 750 cc./ 
min.), the expected circulatory “decompensation 
characteristic of vaso-vagal syncope did not al¬ 
ways appear (notably in Sta). On the other 
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hand, three splanchniccctomized patients (Pau, 
She and Yof) fainted while EHBF remained good 
and calculated HPR actually decreased. 

The results of these studies provide probably 
valid indications of the physiologic role of the in¬ 
tact splanchnic sympathetic nervous system, not 
only in hypertensive but perhaps also in normoten- 
sive individuals with respect to the regulation of 
hepatic-portal blood flow. Along with other ob- 
serv'ations in this laboratory, they suggest that 
the sympathetic nervous system normally plays 
a vasoconstrictor role in the hepatic-portal circula¬ 
tion. The vasoconstrictor and vasodilator influ¬ 
ences in this circuit may be presumed usually to 
be balanced. Conceivably, if they became un¬ 
balanced through either overactivity or inhibition 
of one as compared with the other, blood flow and 
calculated hepatic-portal resistance would change. 
Thus, it is possible that the early decrease and 
late return of increased HPR in resting horizontal 
hypertensive patients after splanchnicectomy (7) 
is due to an early unopposed, though normal, vaso¬ 
dilator activity followed by a moderation of that ac¬ 
tivity or by a return of "intrinsic vasoconstrictor 
tone," or both. Furthermore, it is possible that 
the sizeable “spontaneous” variations in EHBF 
observed after splanchnicectomy may be due to 
greater or lesser amounts of the remaining "vaso¬ 
dilator activity.” 

SUMMARY AND CONCLUSIONS 

After splanchnic sympathectomy, reductions of 
hepatic blood flow in hypertensive patients tilted 
into the upright position are associated with size¬ 
able decreases in arterial pressure and little change 
in average hepatic-portal resistance, whereas be¬ 
fore operation reductions in EHBF in the upright 
position occur with little change in pressure and 


increases in HPR. It is concluded that the 
splanchnic sympathetic nervous system mediates 
the hepatic-portal vasoconstrictor response to the 
upright posture in hypertensive patients and prob¬ 
ably also in normal subjects. 
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The role of the adrenals in response to disease 
during the neonatal period has long been a sub¬ 
ject of speculation. The anatomical peculiarities 
of the adrenal cortex in this period are well known. 
Jaudon (1) has suggested that transient deficien¬ 
cies in adrenocortical function occur in the new¬ 
born period. Plowever, few experimental studies 
have been reported. Venning (2) has reported 
that the newborn under one week of age e.xcretes 
less neutral reducing lipids in response to the ad¬ 
ministration of adrenocorticotropic hormone (here¬ 
inafter called ACTPI) than does the older infant. 
We have found that during the first week of life 
the decrease in circulating eosinophils after the 
administration of ACTPI is less than in older in¬ 
fants (3). 

The author has suggested that stimulation of the 
newborn adrenal does not cause sodium retention 
(4). In the present study ACTPI was given to 
newborn infants to study the effect of the adrenal 
cortex on electrolyte control. 

METHODS 

Eleven infants in the premature nursery of the Har¬ 
riet Lane Home and three full term infants three weeks 
of age or under and one six months old full term infant 
on the general ward of the Harriet Lane Home were 
studied during the winter of 1949-50. The premature 
infants were all healthy with the exception of two who 
were being treated for retrolental fibroplasia.^ The six 
months old infant was being observed in the hospital for 
congenital nonhemolytic jaundice. Two of the other 
three patients on the infants ward had recovered from 
the acute pneumonitis for which they were admitted. The 
third patient had congenital glaucoma. 


Complete urine collections were made with the few 
exceptions to be noted in the tables. Soft rubber tubing 
fitting snugly over tlie penis was used for collecting urine 
from the males. Urine was collected from female pa¬ 
tients by placing' the infant in an ordinary bassinet with 
tile head of the bassinet slightly elevated, and with the 
patient’s buttocks over a Buciiner funnel. The patients 
were supported in tliis position by slings supporting their 
lower thighs. I'ive cc. of 25‘'/o acetic acid were added to 
c.ach d.ay’s urine collection. 

Patients were weigiied routinely three times a week on 
the regular balances of the wards and nursery. Weights 
are recorded for the beginning of the daily periods. 

Eosinophil counts were made by the method of Ran¬ 
dolph (5). Sodium and potassium in the urine were 
measured by an internally compensated Perkin-EImer 
flame photometer. 17-Ketostcroids and neutral reducing 
lipids were measured by methods previously described 

(6) . Nitrogen in the urine was determined by nessleri- 
zation. Serum and stool electrolytes were not determined. 
Dietary intake was calculated from conventional tables 
and random samples were analyzed for sodium and po¬ 
tassium content using the wet ashing method of Wallace 

(7) and measuring with a flame photometer. The vol¬ 
ume of feeding mixture in each bottle was accurately 
measured, but when any of the bottle was refused, the 
amount was estimated by the nurse using the calibrations 
on the bottle. Fortunately, this occurred rarely. 

ACTH 0 was given to 11 patients for one day only, 
one receiving 10 mg. intramuscularly every six hours, 
one 10 mg. every eight hours, six S mg. every six hours, 
two 2 mg. every six hours, and one 1 mg. every six hours. 
Two other patients received ACTH four times daily for 


periods of seven and 10 days respectively. 

When desoxycorticosterone acetate (hereinafter calk 


DCA) or cortisone were used they were given as a 


single 


intramuscular injection at the beginning of the daily 
period. 


RESULTS 


1 This work was made possible by a grant from the 
American Cancer Society for studies on the relationship 
of the pituitary hormones," thyroid hormone, and the 
steroid hormones of tire adrenal glands and gonads to nor¬ 
mal and abnormal growth, and by a grant from the Com¬ 
monwealth Fund for the study of endocrine problems in 
childhood. 

= These were treated under the supervision of Drs. W. 
and E. Owens. 


Seven of the newborn infants tested with ACTH 
for one day were prematures who had weighe 
between 1,210 and 1,800 grams at birth (Cases 
1-4, 10, 11, 14). At the time of the study their 
weights were between 1,330 and 3,125 grams. 

3 Kindly supplied by Dr. J. R. Mote of the Armour 
Laboratories, Chicago, Illinois. 
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The oldest was 41 days old. In addition three full 
term infants three weeks of age or less and weigh¬ 
ing between 3,150 and 4,150 grams were studied. 
Sodium retention on the day of ACTH adminis¬ 
tration in these cases was minimal or non-existent. 
However, in all but one of the patients there was a 
sisnificant increase in excretion of sodium in the 
urine on the day following administration of 
ACTH. This loss in the urine was often greater 
than the calculated intake for the day. It was ac¬ 
companied by an increase in urinary volume. 
There was usually a decreased rate of the weight 
gain in this period. The one infant who did not 
show this sodium loss was one of those receiving 
the smallest doses of ACTH. 

The effect of ACTH on potassium excretion was 
more variable. In some infants (and these usually 
were among the larger who received the larger 
doses) there was an increased urinary excretion 
of potassium on the same day that ACTH was 
given whereas there was no change in urinary 
sodium until the following day. In other infants, 
potassium excretion did not change or else varied 
directly with the volume of urine. The initial rise 
in potassium excretion was invariably associated 
with increased urinary nitrogen excretion. Usu¬ 
ally the amount of nitrogen excretion did not indi¬ 
cate that there was sufficient protein catabolism 
to account for the potassium lost. In several cases 
there was a secondary rise in potassium excre¬ 
tion two or three days after ACTH was given. 
This, too, was always associated with a secondary 
rise in nitrogen excretion. 

The nitrogen excretion in the urine showed a 
uniform rise when ACTH was administered. 
This occurred either on the day ACTH was given 
or on the following day. 

In all those infants over one week of age on 
whom counts were made, there was a fall in cir¬ 
culating eosinophils irrespective of the dose of 
ACTH. Since these results were in accord with 
previous work (3), such counts were made only 
in the first few studies. It is of importance to 
note that there was the expected rise in excretion 
of 17-ketosteroids and neutral reducing lipids after 
administration of ACTH. On continued stimula¬ 
tion, the 17-ketosteroid levels rose at times to 
normal adult female levels and the neutral reduc¬ 
ing lipids far exceeded normal adult levels. 


Since in these newborns ACTH failed to cause 
sodium retention which usually occurs in older 
children and adults, it is important to note the ef¬ 
fect of DCA in this group of patients. The two 
newborns who were given 5 mg. of DCA in a single 
intramuscular injection and the one who was 
given 2 mg. showed a definite decrease in urine 
volume and sodium excretion ( Cases 9-11). The 
patient who received only 1 mg. of DCA showed 
no definite sodium retention although his urine 
volume did decrease. DCA caused no increase in 
potassium excretion, but instead, in some cases, 
there was a decrease parallel to the reduction in 
urine volume. 

Two premature infants were given cortisone 
(Cases 13, 14). When 50 mg. were given to the 
first infant there was no significant change in 
electrolyte excretion. The second infant who re¬ 
ceived 25 mg. of cortisone showed marked urinary 
retentions of water, sodium and potassium. This 


EFFECT OF ACTH ON NA 4 K EXCRETION IN l»-DAY-OU> INFANT 


MEQ.I 


SODIUM 


POTASSIUM 


ACTH 20 MC. 


ACTH 20 MC. 


0 

1 


BOB 


1 —r 


crrECT or acth on na a k excretion in s-month^olo infant 


ACTH 20 MC. 



ACTH 20 MC. 






CFfECr OF DOCA ON NA d K EXCRETION IN 18-OAT-OLD INFANT 


lO-i 

20 


ma 




Fig. 1. Electrolyte Balances of a 19 Day Old In¬ 
fant Given ACTH, and of a Six Month Old Infant 
Given ACTH and an 18 Day Old Infant Given DCA 


Each column represents one day. Intakes are plotted 
down from the zero line, and urinary excretion (blacked 
in) is plotted up from the intake. The resultant white 
spaces below the zero line represent positive balances and 
the blacked in areas above the zero line represent nega¬ 
tive balances. No allowance is made for stool or sweat 
electrolytes. 
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infant then was given ACTH and responded to it 
in the same manner as the other newborns. 

In addition to the ten infants who were treated 
with ACTPI for only 24 liours, two premature in¬ 
fants were treated with ACTH for seven and 10 
days respectively in an e.xperimental attempt to 
influence retrolental fibroplasia (Cases 7, S). 
Neither of these patients showed any signs of 
escape from the effects of ACTH on electrolyte 
balance. The increased sodium e.Kcretion con¬ 
tinued for two or three days after discontinuing 
ACTPI. One of these prematures developed diar¬ 
rhea while being treated with ACTH (Case S). 
He continued to pour out more sodium in spite of 


the fact that there was probably an increased loss 
of sodium in the stools. His weight fell sharply and 
it was felt that tlie magnitude and rapidity of the 
loss were greater than would be expected from 
the relative mildness of his diarrhea. Three days 
after ACTH was discontinued conservation of so¬ 
dium occurred due to a decrease in the urinary ex¬ 
cretion. Until this time the additional amounts of 
parenteral saline received were e.xcreted within 
24 hours in the urine. He was able to retain po¬ 
tassium better even while getting ACTH, al¬ 
though one day while he was having diarrhea the 
urinary excretion exceeded the intake. The uri¬ 
nary volume remained high until one week after 


TABLE I 


Electrolyte and steroid data for 15 infants studied 


Case 

Day 

Rx 

Wt. 

Intake 

Urinary output 

Urinary steroids 

Vol. 

Na 

K 

Vol. 

Na 

IB 

IB 

17KS 

Neutral red. 
lipids 






gravts 

cc* 

meq 

meq 

cc. 

mi‘2 

m<Q 

iramj 

BBuSfli 


Case 1 



0 


1,600 

82 

5.5 

4.6 

84 

4.5 

3.8 

0.29 



18 days 



0 



205 

13.9 

11.5 

72 

4.8 

4.2 

0.34 



birth wt. 


ACTH 

4 

mg. 

1,660 

210 

14.3 

11.7 

70 

4.8 

5.5 

0.38 



1,765 grams 



0 


210 

14.3 

11.7 

65 

5.2 

3.5 

0.32 

0.54 





0 


1,775 

210 

14.3 

11.7 

54 

3.1 

3.1 

0.17 

0.32 


Case 1 

1 


0 



430 

18.0 

16.9 

incor 

nplete 

collet 

:tion 

0.85 


at 33 days 



0 


2,400 

510 

18.0 

16.9 

240 

6.7 

6.5 

0.87 



ACTH 

4 

mg. 


510 

18.0 

16.9 

240 

8.6 

8.9 

1.45 

1.43 





0 

2,465 

450 

18.0 

16.9 

203 

11.8 

9.1 

0.13 

1.22 





0 



510 

18.0 

16.9 

194 

KS 

7.4 

0.08 






0 


2,600 

485 

18.0 

16.9 

238 

8.1 

8.8 

0.67 


U.iSy 

Case 2 

1 


0 


1,330 










9 days 

2 


0 



126 

8.3 

7.0 

60 

3.1 

3.0 


0.01 


birth wt. 

3 


0 


1,345 

146 

9.6 

8.0 

46 

3.2 

4.3 

0.31 

0.00 

U.UU 

1,430 grams 

4 


0 



150 

9.9 

8.3 

50 

2.5 

4.3 


0.04 


5 

6 

ACTH 

8 

0 

mg. 

1,430 

175 

180 

11.5 

11.9 

9.6 

9.9 

60 

110 

3.3 

11.2 

5.4 

4.1 


0.50 

0.39 

0.1^ 

0.14 


7 


0 



180 

11.9 

9.9 

84 

7.2 

5.6 

0.31 

0.00 

0.11 


8 


0 


1,495 

205 

13.5 

11.5 

33 

2.8 

6.3 


0.37 

O.Uo 

Case 2 

1 


0 


2,125 

375 

15.0 

13.9 

188 

7.1 

11.1 

0.99 

0.56 

0.10 

at 41 days 

2 


0 


2,235 

345 

13.8 

12.8 

152 

6.4 

9.9 

0.97 

0.58 

C/.i<6 

3 

ACTH 

8 

mg. 


370 

14.8 

13.7 

218 

11.1 

12.6 

1.22 

0.87 



4 


0 


390 

15.6 

14.4 

200 

13.6 

9.8 

1.64 

0.80 



5 


0 


2,340 

360 

14.4 

13.4 

160 

7.0 

13.0 

BiMBl 

0.90 



6 


0 



390 

15.6 

14.4 

150 

6.6 

9.0 

0.88 

0.90 



7 


0 


2,450 

390 

15.6 

14.4 

170 

8.3 

13.1 

m 

0.62 


Case 3 

1 


0 


2,200 

350 

13.5 

13.0 

185 

6.1 

4.1 


0.76 


11 days 



0 



345 

13.8 

12.8 

170 

5.4 

3.9 


0.60 


birth wt. 


ACTH 

8 

mg. 

2,500? 

350 

14.0 

13.0 

142-b 

5.7 

4.8 


1.00 


2,100 grams 



0 


355 

14.2 

13.2 

155 

5.4 

3.4 


0.88 




0 


2,450 

375 


13.9 

165 

• 6.9 

5.1 


0.92 


Case 4 

1 


0 


2,320 

390 

15.6 

14.4 

150 

9.5 

9.7 

0.55 


n IS 

19 days 

2 


0 



415 

16.6 

15.4 

115 


6.7 

0.49 


n 9^ 

birth wt. 

3 

ACTH 

20 me. 

2,400 

420 

16.8 

15.6 

150 

KKl 

12.3 

1.03 



1,800 grams 

4 

5 


0 

0 



420 

420 

16.8 

16.8 

15.6 

15.6 

195 

130 


7.8 

7.5 

0.97 

0.72 




6 


0 


2,455 

445 

17.8 

16.5 

175 

7.7 j 

12.1 

1.02 

■■ 

0.14 
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TABLE I —Continued 


Case 

Day 

Rx 

Wt. 

Intake 

Urinary output 

Urinary steroids 

Vo). 

Na 

H 

Vol. 

Na 

K 

N 

17KS 

Neutral red. 
lipids 




Srams 

cc. 

meq 

meq 

cc. 

mm 

meq 

trams 

mg. 

mg. 

Case 5 

1 

0 

3,150 

550 

22.0 

20.6 

170 

11.8 

14.6 

0.83 



21 days 


0 

3,140 

580 

23.3 

21.8 

195 

13.2 

15.4 

0.87 



birth \vt. 


ACTH 20 mg. 


555 

22.3 

20.8 

205 

8.8 

18.0 

1.05 



2,800 grams 


0 

3,220 

600 

24.1 

22.5 

295 


13.8 

1.67 





0 


590 

23.7 

22.1 

265 


18.3 

1.14 





0 

3,460 

530 

21.3 

19.4 

150 

14,1 

25.8 

1.78 



Case 6 

1 

0 

3,500 

360 

14.4 

13.3 

45 

3.6 

3.6 




17 days 


0 


585 

20.4 

21.5 

■fiM 

6.6 

7.7 




birth wt. 


ACTH 20 mg. 

3,500 

580 

22.6 

24.8 

160 

6.9 

18.8 




3,209 grams 


0 

3,500 

605 

22.6 

22.5 

185 

13.9 

9.6 






0 


600 

17.6 

18.6 

270 

11.6 

16.2 




Case 7 

1 

0 

3,125 

600 

24.0 

22.4 

■im 

5.4 

6.4 

0.39 



69 days 

2 

ACTH 20 mg. 


600 

24.0 

22.4 

Kiiil 

6.2 

15.6 

0.97 

0.90 


birth wt. 

3 

20 


600 

24.0 

22.4 

320 

14.7 

19.6 

1.73 

— 

— 

1,600 grams 

4 

20 

3,225 

600 

24.0 

22.4 

340 

14.6 

16.0 

2.74 

5,50 

— 


5 

20 


600 

24.0 

22.4 

incomplete collection, concentrations of same order 


6 

20 

3,385 

600 

24.0 

22.4 

of magnitude as the previous days for both days 


7 

ACTH 40 mg. 


600 

24.0 

22.4 

240 

22.6 

15.1 

1.82 

— 

— 


8 

40 

3,480 

600 

26.9 

23.4 

325 

32.5 

12.7 

— 

7.20 

2.16 


9 

0 


585 

26.9 

22.4 

240 

33.0 

7.2 

1.56 

— 

— 


10 

0 


600 

28.0 

25.6 

350 

37.8 

16.0 

1.04 

2.00 

— 


11 

0 

3,270 

600 

28.0 

25.6 

ISO 

5.0 

15.0 

— 

— 

— 


12 

0 


600 

28.0 

25.6 

140 

11.2 

9.5 

1.14 

0.90 

— 


13 

0 

3,500 










Case 8 

1 

0 

2,155 

360 

14.4 

13.3 

105 

6.5 

6.3 

0.68 


— 

52 days 

2 

0 

2,205 

360 

14.4 

13.3 

155 

7.8 

6.3 

0.80 

1.60 

— 

birth wt. 

3 

0 


360 

14.4 

13.3 

115 

5.2 

5.4 

0.59 

1.64 

0.11 

1,285 grams 

4 

ACTH 8 mg. 

2,295 

355 

14.2 

13.2 

no 

5.8 

5.8 

0.71 

1.66 

- 1 . 


5 

ACTH 10 mg. 


360 

14.4 

13.3 

125 

7.5 

8.6 

0.51 

— 

— 


6 

10 


380 

15.2 

14.1 

158 

9.5 

5.9 

0.95 

2.40 

— 


7 

ACTH 20 rag. 

2,220 

440 

17.6 

16.3 

no collection 





8 

20 


450 

18.0 

16.7 

210 

17.4 

6.9 

2.10 

5.80 

0.50 


9 

20 

2,260 

450 

18.0 

16.7 

no c 

ollection 





10 

20 


400 

16.0 

14.8 

195 

17.0 

7.6 

2.10 

3.20 



11 

20 

2,180 

325 

13.0 

12.0 

no collection 





12 

20 

2,125 

300 

00 

00 

205 

9.0 

5.1 

1.80 

— 

— 


13 

20 

2,045 

400 

3.0 

00 

no collection 





14 

0 

1,945 

425 

21.8 

9.1 

185 

7.9 

1.0 

1.00 

_ 

_ 


15 

0 

2,040 

390 

8.1 

11.7 

290 

24.5 

2.7 

1.10 


— 


16 

0 

2,090 

440 

10.9 

13.8 

188 

0.6 

6.0 

0.71 

0.50 

— 


17 

0 

2,060 

440 

11.6 

13.6 

no collection 





18 

0 

2,160 

390 

8.9 

14.0 

165 

0.3 

7.4 

1.20 

— 

— 


19 

0 

2,280 

390 

9.2 

14.6 

no collection 





20 

0 

2,360 

390 

11.9 

17.8 

88 

2.2 

6.5 

0.29 

— 

— 


21 

0 

2,470 










Case 9 

1 

0 

4,150 

575 

23.0 

21.6 


12.9 

15.8 

_ 



18 days 

2 

0 

4,170 

465 

18.8 

17.5 


9.8 

12.3 




birth wt. 

3 

DCA 5 mg. 


595 

23.8 

22.4 

128 

10.4 

10.6 




3,800 grams 

4 

0 

4,200 

590 

23.6 

22.2 

90 

3.4 

7.2 





5 

0 


590 

23.6 

22.2 

137 

6.6 

7.8 


0.40 

— 


6 

0 


625 

25.0 

23.5 

215 

13.5 

12.4 

1.36 

0.50 

0.18 


7 

ACTH 40 mg. 


685 

27.3 

25.6 

240 

10.8 

18.0 

1.75 

0.60 

0.48 


8 

0 

4,520 

680 

27.1 

25.3 

292 

28.8 

12.0 

1.39 

0.67 



9 

0 

4,510 

670 

26,8 

25.1 

290 

13.9 

21.2 

2.21 

0.60 

— 


10 

0 

4,610 

710 

28.4 

26.6 

270 

17.0 

23.2 

1.79 

0.73 

— 










































322 


KOHERT KLEIN 


TADLE I — Contir.ucd 


Case 

D.>y 

K.X 

Wt. 

Intake 


Urinaty stttoWs 

Vol. 


K 

Vi4, 

N'.> 

B 

fl 

I7KS 

Neutral red. 
lipids 








if am 

(C, 

me; 

me; \ 

t*. 

me; 

nti 

irams 

mt. 


Case 10 

1 

0 

1,560 

210 

\ 10.9 

8.2 

60-i- 

5,4 

3.3 




21 days 

2 

0 


210 

! 10.9 

8.2 

96 

7.2 

4.3 




birth wt. 

3 

DCA 5 mg. 

1,615 

220 

1 11.i 

8.6 

53 

3.4 

2.9 




1,210 grams 

4 

0 


226 

11.8 

8.8 

50 

2.8 

3.2 





5 

0 


2.18 

12.4 

9.3 

SO 

3.3 

2.9 





6 

0 

1,760 

240 

12.5) 

9.4 

65 

4.8 

2.6 


0.33 



7 

0 


240 

12.5 

9.4 

90 


4.4 


0.20 



8 

.ACTH 20 mg. 

1.850 

260 

13.5 

10.1 

60 

4.4 

6.1 


0.73 



9 

0 


270 

14.1 

10,8 

l50-b 

18.3 

2.7 


0.60 



10 

0 

1,860 

295 

15.4 

11.8 

100 

4,7 

7.0 


— 



11 

0 

2,050 










Case 11 

1 

0 

1,460 

210 

13.8 

11.5 

100 


6.0 

0.62 

0.70 


20 days 

2 

0 

218 

14.2 

12,0 

110 

8.2 

8,5 

0.66 

0.60 

0.1a 

birth wt. 

3 

ACTH 20 mg. 

1,560 

230 

15.2 

12.6) 

115 

7.4 

8.0 

0.73 

. 0.60 

0.26 

1,250 grams 

4 

0 

240 

15.8 

13.21 

160 

17.6 

7.0 

1.12 

1.20 

0.41 

5 

0 


250 

16.4 

13.7 

98 

8.1 

5.7 

0.62 

0.40 

0.09 


6 

0 

1,565 

267 

17.6 

14.7 

160 

4.7 

8.4 

0.50 

0.40 


7 

DCA 2 mg. 


270 

17.8 

14.8 

125 

8.0 

9.0 

0.75 




8 

0 

1,655 

270 

17.8 

14.8 

73 


9.0 





9 

0 


270 

17.8 

14.8 

68 


5.2 





10 

0 

I 1.715 

270 

17.8 

14.8 

78 

8.4^ 

5.8 




Case 12 

1 

0 

2,130 










18 days 

2 

0 


270 

10.8 

10.0 

138 

8.0 

6.3 

! 1 



birth wt. 

3 

0 

2,195 

320 

12.8 

11.9 

145 

8.2 

9.4 

! 



1,630 grams 

4 

0 

330 

13.2 

12.2 

165 

9.0 

9.4 




5 

UCA 1 mg. 

2,325 

! 320 

12.8 

11.9 

100 

7.2 

6.8 





6 

0 

325 

13.0 

12.0 

164 

11.0 

9.0 





7 

0 


330 

13.2 

12,2 

150 

8.4 

8.7 




Case 13 

1 

0 


265 

13.9 

10.5 

84 

6.0 

5,6 

! 0.27 

0.85 


22 days 

2 1 

0 

1,860 

280 

14.7 

11.0 

85 

5.5 

5,3 

0.35 

0.14 

0.13 

0.18 

birth wt. 

3 

0 

295 

15.5 

11.6 

106 

7.6 

6.3 

0.34 

1.06 

1,540 grams 

4 

Cortisone SO mg. 

1,940 

290 

15.3 

11.4 

93 

7.0 

6.3 

0.36 

1,14 


5 

0 


300 

15.8 

11.9 

130 

7.8 

7.3 

0.50 

1.22 


6 

0 


300 

15.8 

11,9 

155 

9,9 

7.4 

0.49 

0.93 

0.09 


7 

0 

2,005 

300 

15.8 

11.9 

84 

1 5.7 

5.1 

0.38 

0.16 


8 

0 

295 

15.5 

11.6 

118 

1 7.3 

6.7 

0.46 

0.06 

1 


9 

0 

2,075 

1 

i 








! 

i 

Case 14 

25 days 
birth wt. 

1 

2 

0 

0 

1,650 

240 

240 

16.3 

16.3 

13.4 

13.4 

116 

no 

8.9 

7.5 

9.6 

8.3 

0.54 

0.46 

0.77 

0.70 

0.08 

/2 day aver. 

\ o.os 

3 

Cortisone 25 mg. 

1,735 

240 

16.3 

13.4 

1 40 

2.9 

3.0 

0.22 

/3 day aver. 

1,455 grams 

4 

0 


240 

16.3 

13.4 

! 70 

2.9 

2.7 

0.25 

\ 0.71 

5 

0 


265 1 

18,0 

14.8 

1 73 

3.5 

4.5 

0.26 

0.84 

/2 day aver. 
1 0.13 

^ 0.15 

0.19 


6 

0 

1,825 

270 

18.3 

15.1 

i ill 

7.5 

7.2 

0.44 


7 

0 

270 

18.3 

15.1 

85 

6.0 

6.1 

0.38 

0.58 


8 

ACTH 30 mg. 

1,950 i 

280 

19.0 

15.7 

117 

6.1 

9.7 

0.57 

0.73 


9 

0 

300 

20.4 

16.8 

120+ 

12.5 

6.6 

0.75 

0.74 


10 

0 

1,965 

325' 

22.0 

18.2 

120 

12.4 

7.0 

0.53 

0.64 

0.11 


11 

0 

3301 

22.5 

18.5 

95 

4.3 

10.5 

0.89 

0.51 


12 

0 


330 

22.5 

18.5 

117 

9.1 

10.3 

0.78 

0.63 



13 

0 

2,025 i 

330 

22.5 


133 

11.0 

10.9 

0.80 

0.77 



14 

0 

2,105 j 










Case 15 

1 

0 

7,020 

1,025 

52.0 


370 

32.0* 

36.0 


0.70 


6 months 

2 

0 

1,025 

52.0 

55.0 

! 415 

37.0 

41.0 


0.50 


birth wt. 

3 

ACTH 20 mg. 


1,025 

50.0 

54.0 

260 

13.0 

39.0 


0.70 

0.90 

0.50 


3,500 grams 

4 

5 

0 

0 

7,100 

960 

730 

50.0 

34.0 

52.0 

36.0 

! 535 
! 235 

59.0 

14.0 

30.0 

33.0 




6 

0 


1,000 

52.0 

55.0 

1 225 

33.0 

31.0 


0.50 

--- 
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ACTH was discontinued. Sodium concentration 
in the urine never exceeded 87 meq/1. 

In comparison with the infants of the younger 
age group a study was made on one six month old 
full term infant (Case 15). He showed sodium 
retention when given ACTH for one day in a man¬ 
ner entirely similar to that shown by the usual 
adult receiving ACTH for one day. 

Figures for the intalve and excretion of ions and 
for the excretion of steroids and nitrogen in these 
cases are given in Table I. Figure 1 compares 
the electrolyte balance of a characteristic newborn 
given ACTH and also DCA with that of a six 
month old infant given ACTH. 

DISCUSSION 

The functional immaturity of the kidney of the 
infant is well known having been elucidated by 
McCance and Young (S), Rubin, Bruck and Rapo- 
port (9), and others. However, it is difficult to 
account for this peculiar electrolyte response to 
ACTH on this basis since the administration of 
DCA to the newborn caused decreased excretion 
of sodium as it does in the older child and adult. 
This suggests that the kidney of the newborn is 
capable of responding normally to adrenocortical 
hormone. It seems more probable that the pe¬ 
culiarity of electrolyte excretion is due to a dif¬ 
ference in the hormones secreted by the immature 
adrenal. This might be due either to the secretion 
of a hormone not present in later life or to an 
alteration in the balance between hormones hav¬ 
ing varying quantitative or qualitative effects on 
sodium excretion. The latter alternative might 
be considered on the basis of the theory advanced 
by Thorn and associates (10) suggesting that weak 
sodium retainers such as Compound E and F 
compete with potent sodium retainers such as DCA 
and thereby induce salt loss. Thus it is possible 
that in the case of the newborn the adrenal when 
stimulated by ACTH may secrete relatively more 
Compound F-like hormone thain the adult adrenal 
under similar circumstances. In patients with 
congenital hyperplasia the ACTH-induced secre¬ 
tion of androgenic steroids might also compete with 
. DCA-like steroids, and thereby induce the ob¬ 
served sodium loss (6, H). 

In our small series there was no demonstrable 
difference in response between premature and full 


term infants of the same post-natal age, but it is 
possible that the abnormal effects of the adrenal 
on electrolyte excretion persist longer in premature 
than in full term infants. 

SUMMARY AND CONCLUSIONS 

Twelve newborn infants were given ACTH for 
periods of one day to ten days. This was regu¬ 
larly accompanied by the expected increase in the 
e.xcretion of neutral reducing lipid, I7-ketosteroids, 
and urinary nitrogen. The urinary excretion of 
potassium showed only moderate changes, usually 
increasing on the day of ACTH injection as ex¬ 
pected from adult experience. Sodium excretion 
was always increased one day after an adequate 
dose of ACTH was given. This frequently was 
of sufficient magnitude to exceed the dietary intake 
of this ion. One six month old infant retained 
sodium after the administration of ACTH in the 
same manner as adults. When DCA was adminis¬ 
tered to newborns they reacted like adults, show¬ 
ing a decreased excretion of sodium. In one new¬ 
born, 25 mg. of cortisone produced sodium reten¬ 
tion; 50 mg. of cortisone given to another new¬ 
born produced no effect on the sodium balance, 
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INTRODUCTION 

Since Conn and his associates (1, 2) proposed 
that the concentration o£ chloride or sodium in 
thermal sweat can be used as an index of that 
function of the adrenal cortex concerned primarily 
with electrolyte metabolism, studies concerning 
the factors which are related to or influence the 
electrolytic composition of sweat have gained 
greatly in significance. In the past, several in¬ 
vestigators have obtained data which suggested 
that the concentration of chloride in sweat is posi¬ 
tively correlated with the rate of sweating (3, 4) 
and skin temperature (5). However, the rela¬ 
tions of these variables to sweat electrolyte com¬ 
position have never been defined with precision 
nor have they been studied in connection with the 
effect of adrenal cortical activity on the composi¬ 
tion of sweat. 

The present paper is concerned initially with 
studies which show that certain non-endocrine 
factors play a major role in the determination of 
sweat electrolyte composition. A method for 
taking these factors into consideration in the utili¬ 
zation of sweat electrolyte measurements as an 
index of hormonal activity is described. Finally 
investigations of adrenal cortical function based 
on this newly developed index are presented. 

METHODS 

Unless otherwise noted subjects were maintained on a 
standard diet for three to five days prior to the first col- 

^This work was supported by a grant from the Com¬ 
monwealth Fund of New York to the Department of 
Pediatrics and was aided in part by a grant from the 
Rockefeller Foundation to the Department of Derma¬ 
tology, Harvard Medical School. 

-National Research Council Fellow, 1948-1949. 


lection of sweat and throughout the interval during which 
the collections were made. The standard daily diet con¬ 
sisted of a low-salt diet, estimated to contain 1.5 gms. of 
sodium chloride, supplemented with weighed sodium 
chloride in such amounts as to bring the total sodium 
chloride intake up to 5 gms. per square meter of body 
surface (m’) per day. Drinking water was allowed 
ad lib. 

Sweating was induced by placing the subject in a 
room the temperature of which could be maintained 
at the desired level by automatic temperature regulators. 
Usually additional stimulation was provided by having 
the subject immerse one arm in a bath of warm water, 
the temperature of which was kept nearly constant at the 
value desired throughout the collection period. 

Sweat was collected from the non-immersed arm by 
enclosing it in a loosely-fitting watertight envelope, made 
of rubber dental dam and fitted with a glass delivery 
tube at its lower end. Immediately before the envelope 
was placed in position, the skin of the arm was thoroughly 
cleaned with tap water, 70 per cent aqueous solution of 
ethanol and finally, distilled water. 

Rates of sweating were expressed as ml. per hour per 
0.1 m’ of the skin surface enclosed in the envelope, the 
surface area of the skin surface being calculated ac¬ 
cording to the formula of DuBois (6). The volume of 
sweat was taken as the sum of the free sweat delivered 
from the envelope plus the amount adhering to the inner 
surface of the envelope. The latter was determined by 
weighing the envelope before and after it had been wetted 
with sweat. 

Temperatures of the room, water bath and skin were 
recorded by a Micromax apparatus. Separate electrodes 
were used in the determination of room and bath tem¬ 
peratures and of the skin enclosed in the rubber envelope. 
For the latter determination two electrodes were em¬ 
ployed, one being fixed on the lateral surface of the arm 
just above the elbow and one on the dorsal surface of 
the forearm just above the wrist Readings from each 
electrode were recorded every eight minutes during the 
period of collection. The reported temperature in each 
instance is the average of the individual readings. In 
these experiments, the intensity of thermal stimulation 
(see below) was arbitrarily taken to be the room tem¬ 
perature when the bath temperature was kept the same 
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(44.5 * 0.5° C) during repeated collections of sweat, or 
the bath temperature when the room temperature was 
kept the same (32*0.3® C). 

After collection, the sweat was filtered through What¬ 
man No. 3 filter paper. Chloride concentrations were 
determined by a modification of the Volhard titration 
method (7) ; sodium, by the method of Butler and Tut- 
hill (8) or by flame photometry with an internal stand¬ 
ard ; potassium, by the method of Fiskc and Litarzek (9) 
or by flame photometry with an internal standard. 

RESULTS 

L Relations between sweat chloride concentra¬ 
tion, intensity of thermal stimulation, shin tempera¬ 
ture and rate of szveating. 


Data concerning these relations are contained in 
Table I, Experiments 1, 2, 3a, 4a. The subjects 
for these experiments were four normal adult 
males. Five to seven samples of sweat were col¬ 
lected from each subject. Collections were usu¬ 
ally made at daily intervals. 

The data demonstrate that there were great 
differences in the concentration of chloride in the 
several samples of sweat collected from each sub¬ 
ject. For example, in the case of subject 3 the 
minimum concentration was 6 mEq per L. and 
the maximum, 54 mEq per L. Coefficients of cor¬ 
relation (Table II) indicate that variations in 


TADLE I 


Data illuslraling the influence of certain non-hormonal and hormonal factors on s-toeat electrolyte concentrations 


and Diagnosis Date intake Treatment 


ims./nO/ 

day 

S/16 S 

5/17 S 

S/18 5 

S/19 S 

5/20 S 




None 

None 

None 

None 

None 

None 

D.C.A. 5 mgm. 
i.m. b.i.d. 


D.C.A. S mgm. 

i.m. b.i.d. 
D.C.A. S mgm. 

i.m. b.i.d. 
D.C.A. 5 mgm. 

i.m. b.i.d. 
D.C.A. 5 mgm. 

i.m. b.i.d. 
D.C.A. 5 mgm. 
i.m. 


None 

None 

None 

None 

None 

None 

None 

None 

Progesterone 

SO mgm. i.m. 


Progesterone 
SO mgm. i.m. 
b.i.d. 
None 

Progesterone 
SO mgm. i.m. 
b.i.d. 

Progesterone 
SO mgm. i.m. 
b.i.d. 

Progesterone 
100 mgm. i.m. 
None 


Sweat 

Rate electrolytes 
Skin of (.mEq per L.) 
temp, sweat¬ 
ing 




D.C.A. started after srveat 
collection 


Progesterone started after 
sweat collection 
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TABLE r —Continued 


Exp. £ 
no. 

>ubj, 

no. 

Sex 

and 

age 

Diagnosis 

Dale 

NaCl 

intake 

Treatment 

Room 

temp. 

Bath 

temp. 

Skin 

temp. 

Rate 

of 

sweat¬ 

ing 

Sweat 
electrolytes 
{mEq per L.) 

M 

M 

B 






gmr./m*/ 














day 


»c 

«c 

°C 

ml.* 




Sa 

s 

sfl7 

Normal 

8/21 

5 

None 

35,1 

44.5 


14 

8 

13 

9.1 





8/22 

5 

None 

3S.S 

44.5 



12 

19 

5.S 





8/23 

S 

ACTH 25 ragm. 

35.3 

44.1 



16 

22 

4.4 







b.i.d. 





^B 



Sb 

D 


BBB 

8/24 


ACTH 25 mgm. 

3S.9 

44.4 


55 

IS 

27 

S.2 







q.i.d. 












8/25 


ACTH 25 mgm. 

36.0 

44.4 


S3 

12 

11 

5.1 


H 





o.i.d. 









■ 

■l 


8/26 


ACTH b.i.d. 

36.0 

44.3 


S3 

10 

13 

S.7 

Sc 

B 


MHBI 

8/27 

s 

None 

36.0 

44.3 


S4 

11 

16 

S.4 


■■ 



8/28 

s 

None 

36.0 

44.4 


ss 

16 

19 

5.0 



^B 


8/29 

5 

None 

36.1 

44.4 


54 

18 

21 

5.4 

6a 

6 

<^24 

Normal 

10/13 

5 

None 

29.0 

44.2 



12 

22 

8 





10/14 

S 

None 

32.7 

44.3 



19 

23 

S.S 





I*HS 

5 

Methyl 

36.2 

44.4 



23 

27 

5.1 







testosterone 














25 mgm. q.i.d. 














p.o. 









m 

■ 


10/18 

S 

Methyl 


BB 


20 

18 

26 

6.1 







leatoaterone 














25 mgm. q.i.d. 


^^B 












p.o. 










^^B 


10/19 

5 

Methyl 




12 

13 

19 

.7.1 







testosterone 









H 





25 mgm. q.i.d. 


^^B 












p.o. 








B 


■ 

HH 

10/20 

5 

None 


^^B 


37 

34 


10.1 

n 

6 

^24 

Normal 

KF i1 

5 


30.5 

44.4 


B 

17 

23 

11.6 





vF 1 

5 


35.7 

44.7 


mtm 

23 

30 

7.1 





H 1 1 

5 


36.6 

44.4 


Hi 

29 

23 

5.6 

8a 

7 

925 

Normal 

7/24 

IBBBB 

None 

37.1 

45.2 



47 

58 

5.5 





7/25 


None 

36.9 

44.7 



46 

56 

4.6 





7/26 

PHvHf 

None 

36.4 

44.4 



38 

47 

S.S 

8b 

7 

m 

BBB 

7/27 

^B^B 

Estradiol 

36.4 

44.1 


20 

26 

33 

5.7 



■ 




benz. S mgm. 












7/28 


Estradiol 

35.9 

44.7 


27 

29 

36 

S.l 







benz. 5 mgrn. 










■ 


7/29 


Estradiol 

36.4 

44.5 


34 

34 

42 

5.2 







benz. 5 mgm. 














i.m. 








9 

7 

925 

Normal 

12/10 

5 

None 

37.3 

44.2 


B 

S6 

64 

7.3 





12/11 

5 

None 

37.0 

44.0 



58 

65 

7.5 





12/12 

5 

None 

36.3 

43.9 


B 

49 

60 

7.4 

10a 

8 

d'34 

Normal 

4/29 

5 


33.4 

44.7 


48 

22 

29 

5.4 





4/30 

5 













S/1 

5 


33.2 

44.6 


41 

20 

26 

5.2 





5/2 

s 


32.4 

44.0 


43 

15 

22 

5.4 





5/3 

5 


32.8 

44.2 


36 

13 

18 

5.0 





S/4 

4 

Cortisone 

32.7 

44.3 


36 

14 

16 

4.5 







100 mgm. i.m. 








lOb 

8 



S/5 

s 

Cortisone 

33.3 

44.3 


44 

16 

21 

4.5 







100 mgm. i.m. 














b.i.d. 












5/6 

5 

Cortisone 

33.2 

43.4 


51 

19 

20 

4.5 







100 mgm. i.m. 














b.i.d. 












S/7 

5 

Cortisone 

34.3 

43.7 


41 

19 

23 

5.2 

...... 

_ 





100 mgm. i.m. 








IQc 

8 



S/8 

s 

None 

32.7 

44.2 


35 

14 

16 

4.8 





S/9 

5 

None 

33.1 

44.0 


42 

1.3 

IS 

4.7 





5/10 

s 

None 

33.2 

44,2 


53 

24 

29 

4.8 





5/U 

5 

None 

33.3 

44.4 


43 

19 

22 

4.8 





s /12 

5 

None 












5/13 

5 

None 

32.7 

44.0 


35 

14 

17 

5.3 





5/14 

5 

None 




41 

13 

18 

4.3 





S/IS 

5 

None 












5/16 

5 

None 

32.9 

44.1 


44 

16 

22 

4.3 

lOd 

8 



5/17 

10 

None 












5/18 

15 

None 

33.0 

44.2 


39 

16 

21 

5.1 





5/19 

15 

None 

33.0 

44.0 


35 

20 

26 

5.0 





5/20 

15 

None 

33.5 

44.4 


42 

32 

39 

43 





5/21 

IS 

None 












S/22 

IS 

None 

33J 

44.4 


42 

30 

36 

4.2 





S/13 

IS 

None 

33.7 

44.2 


43 

37 

43 

4.0 


Comments 


ACTH started after sweat 
collection 


Testosterone started after 
sweat collection 


Treatment with methyl tes¬ 
tosterone since 10/lS 


Subject frequently exposed to 
high temperatures prior to 
acting as experimental sub¬ 
ject 
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TABLE I— Continued 


Exp. 

no* 

Subj. 

no* 

Sex 

and 

age 

Diagnosis 

Date 

NaCl 

intalcc 

Treatment 

Room 

temp. 

Oath 

temp. 

Skin 

temp. 

R.atc 

of 

ju-eat- 

ing 

Swe.it 
electrolytes 
{tnii <2 per L.) 

Comments 

Cl 

Na 

K 






vns./m*/ 
















day 


*C 

*C 

"C 

ml.* 






Ila 

s 

d'SS 

Normal 

12/13 

5 





20 

21 

27 

6.2 

1 Subject frcaucntly exposed to 





12/14 

5 





29 

22 

23 

6.3 


high tcmpcraturcj prJor to 





12/15 

5 


30.1 

41.8 


17 

11 

15 

5.2 


acting as experimental sub¬ 
ject 

Ub 

8 



12/16 

5 

K supplement 

— — 




- 

““ — 


> 






12/17 

5 

K supplement 

33.5 

43.3 


22 

13 

17 

9.1 


27 gms. K citrate. .745 gms. 





12/18 

5 

K supplement 

30.4 

4SJ 


27 

14 

17 

7.6 


KiHPO». 3.78 gms. 





12/19 

5 

K supplement 

28,8 

41.7 


25 

14 

15 

7J 


r KHiPO., added to daily 





12/20 

5 

K supplement 

28.7 

41.7 


21 

11 

13 

6.4 


diet 





12/21 

5 

K supplement 

28.3 

41.5 


19 

10 

12 

6.4 

« 


11c 

8 



12/22 

5 

None 














12/23 

5 

None 














12/24 

5 

None 

29.9 

44 


12 

10 

13 

7.3 







12/25 

5 

None 

29.4 

44.4 


26 

17 

21 

7.0 







12/26 

5 

None 














12/27 

5 

None 

28.1 

45.5 


24 

19 

16 


1 






12/23 

5 

None 

33.7 

44.9 


27 

21 

13 

ill 

1 






12/29 

5 

None 

24.5 

45.0 



8 

14 

m 

1 


12 

9 

ci'24 

Normal 

S/2S 

IS 

None 

39.6 

wm 


60 

79 

96 

6 

Lc 23 Iramcrscd In water bath 
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* Ml. per hour per O.l m* of skin surface. 


TABLE II 

Coefficients of correlation* 


Factors correlated 

Eip. no. (Table I) 

1 

2 

3a 

4a 

Rate of sweating vs. sweat chloride concentration 

Intensity of stimulation vs. sweat chloride concentration 

Skin temperature vs. sweat chloride concentration 

Rate of sweating vs. intensity of stimulation 

Rate of sweating vs. skin temperature 

Intensity of stimulation vs. skin temperature 

+.933 

-f-.996 

+.829 

-1-.998 

4- .969 
+.860 

-f.979 

-1-.978 

-1-.890 

-f-.998 

**f*.94:7 

+.936 

+.963 

+.923 

+.919 

+.879 

+.971 

-f-.886 

4-.972 
-{-.901 
4-.892 
4-,887 
4-.861 
4-.d7^ 


* All coefficients are statistically significant (p < 0.05) e.xcept those italicized. 
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sweat chloride concentration were in each subject 
significantly correlated with a) rate of sweating, 
b) skin temperature and c) intensity of the ther¬ 
mal stimulus. In addition, they show that rate 
of sweating, skin temperature and the intensity of 
the thermal stimulus were significantly correlated 
with each other in almost all instances. 

These findings point to a presumably non- 
hormonal factor capable of profoundly modifying 
the concentration of chloride in sweat obtained 
from normal subjects receiving a constant intake 
of sodium chloride. Consequently, it would ap¬ 
pear that the intensity of action of the factor 
should be taken into consideration if sweat elec¬ 
trolyte composition is to be used as an index of an 
individual’s hormonal status. Consideration of 


the data suggests that this may be done reasonably 
satisfactorily by measuring the rate of sweating. 
Accordingly, there follows a more detailed con¬ 
sideration of the relation between sweat chloride 
concentration and rate of sweating. 

II. Detailed study of the relation between sweat 
chloride concentration and rate of sweating. 

In all experiments summarized in Table I, data 
concerning this relation are recorded. Representa¬ 
tive data drawn from this table (Experiments 3a, 
3b, 13, 14b, 15) are presented graphically in 
Figure 1. 

The experiments summarized in the graph were 
performed on a) a normal adult male, maintained 
on the standard diet, both before (Curve A) and 



Fic, 1. Relation between Sweat Chloride Concentration and Rate of Sweating 
Data from Table I: Curve A—Experiment 3a: Curve B—Experiment 3b; Curve C—Experiment 13; Curve 
D—Experiment 14b; Curve E—Experiment IS. In both sections of the figure (A and B), absolute values for 
rate of sweating are indicated by the scale along the abscissa. In the left hand Section A, absolute chloride 
values are given according to the scale along the left hand ordinate. In the right hand Section B, the values 
indicated along the ordinate scale were found by subtracting from log 90 the log of (90 minus sweat chloride 
in mEq per L.). The heavy solid lines were calculated by the “method of least squares.” The light solid line 
(Curve C, Section A) was dratvn free-hand. Interrupted lines represent extrapolations of the heavy solid lines 
to the point where they would theoreu'cally intersect the ordinate. The slopes of the solid lines of Section B de¬ 
fine the value for the sweat chloride-rate index. 
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while he was being given clesoxycorticosteronc 
acetate (D.C.A,), 9 mgm. b.i.d., i.m. (Curve B) ; 
h) a normal male maintained on a diet which 
provided him with 24 gms, of sodium chloride per 
m- per day (Curve C); c) an Addisonian adult 
male whose diet contained 6.5 gms. of sodium 
chloride per m* per day and whose symptoms 
were well controlled by recently implanted pellets 
of D.C.A. (Curve D); and d) an Addisonian 
adult male whose diet contained approximately 
5 gms, of- sodium chloride per m- per day and 
whose symptoms were poorly controlled by 3 
D.C.A. pellets implanted eight months previously 
(Curve E). 

Figure 1 consists of two regression graphs, A 
and B. The same data are used in each and in 
both the abscissa is the rate of sweating and the 
ordinate is sweat chloride concentration. How¬ 
ever, for reasons which will shortly become ap¬ 
parent, the methods for expressing chloride con¬ 
centration differ. 

In Figure 1-A chloride concentrations are ex¬ 
pressed simply as mEq per L. of sweat. Note in 
this figure that in all instances there was an in¬ 
crease in the concentration of chloride as the rate 
of sweating increased. However, the properties 
of the curves describing the relation between the 
two variables appear to be very different. In four 
instances (Curves A, B, D and E) linear regres¬ 
sion lines describe the relation satisfactorily but 
on extension they intercept the ordinate at widely 
different points (— 1.8 to + 33.2 mEq per L.). 
In the fifth instance (Curve C), the relation clearly 
is not linear. 

Figure 1-A also shows that sweat chloride 
concentration measurements do not per se always 
permit one to distinguish between sweat from in¬ 
dividuals subjected to different degrees of stimu¬ 
lation by the adrenal cortex or administered 
D.C.A. However, inspection of the figure reveals 
that such a distinction can be made if chloride con¬ 
centration is viewed with relation to rate of sweat¬ 
ing. Although evident on inspection, differences 
between the curves of Figure 1-A cannot be de¬ 
scribed and quantitated satisfactorily in simple 
arithmetic terms. 

Because it seemed highly desirable to have a 
generally applicable, simple arithmetic method 
describing the relation between chloride concen¬ 
tration and rate of sweating, other methods of ex¬ 


pressing the data were sought. Examination of 
available data suggested that the relation between 
sweat chloride concentration and rate of sweating 
might be described satisfactorily by a series of 
catalytic curves asymptotic at a chloride concen¬ 
tration of approximately 90 mEq per L, Accord- 
ingly, to test this possibility values for sweat 
chloride concentration were expressed as log 90 
minus log (90 minus sweat chloride concentra¬ 
tion in mEq per L.). The resultant values have 
been plotted (ordinate) against rate of sweating 
(abscissa) in Figure 1-B, Note that in this graph 
all curves are linear and all, on extension, inter¬ 
cept the ordinate very dose to the origin. Differ¬ 
ences between them consist only in differences in 
slope. This fact permits the relation between 
sweat chloride concentration and rate of sweating 
to be represented with fair accuracy by dividing 
the ordinate by the abscissa value. The magnitude 
of the resultant quotient is directly proportional 
to the slope of the curve. For convenience, this 
quotient, expressed as a simple number, will be 
called the siveat chloride-rate index. This index 
is used henceforth to indicate relations between 
chloride concentration and rate of sweating. 

III. Relations betzveen the concentration of 
chloride, sodium, and potassium in thermal siveat. 

In the preceding and following sections of this 
paper, attention is restricted to the response of 
chloride ion to the various stimuli which affect 
sweat electrolyte composition. The present sec¬ 
tion indicates the extent to which chloride con¬ 
centration measurements are representative of 
sweat sodium and potassium. 

Figure 2 demonstrates by means of regression 
graphs relations between the concentration of 
chloride and a) the concentration of sodium, b) 
the concentration of potassium and c) the ratio, 
(a)/(6), as determined in 57 different specimens 
of thermal sweat. Fifty-one of the 57 specimens 
were collected from normal subjects. Of these 
35 came from subjects eating the standard diet. 
Twenty-three of the 35 specimens were collected 
from subjects who were not receiving hormonal 
treatment; the remaining 12 specimens were col¬ 
lected from subjects being treated with D.C.A. 
Seven specimens were collected from a subject 
whose daily diet contained a great excess of 
sodium over chloride (220 mEq Na, 12 mEq Cl) 
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DAYS 

Fig. 3. The Effect of Certain Hormones on the Sweat Chloride-Rate Index 
ACTH 25 mgm. q.i.d.; D.C.A. 5 mgm. b.i.d.; Cortisone 75 mgm. and 100 mgm. b.i.d.; Methyl 
testosterone 25 mgm. q.i.d.; Testosterone propionate 100 mgm. q.d.; Progesterone 50 mgm. 
b.i.d.; Estradiol benzoate 5 mgm. q.d. Subjects are designated by number if data are in¬ 
cluded in Table I. 


and four were collected from the same subject 
when his daily diet contained a great excess of 
chloride over sodium (IS mEq Na, 220 mEq Cl). 
Five specimens were obtained from a subject whose 
basal (standard) daily diet was supplemented with 
large amounts of potassium salts (370 mEq K). 
Six specimens were collected from patients hav¬ 
ing poorly controlled Addison’s disease. 

In the sweats from the untreated normal sub¬ 
jects eating the standard diet, the relation between 
the concentration of chloride and each of the other 
three variables is linear. These relations, expres¬ 
sed mathematically were: 

a) [Na] = 1.12 [Cl] -1- 3 mEq per L. (stand¬ 
ard error of estimate 2.6 mEq per L.) 

[K] = 0.056 [Cl] + 8.8 mEq per L. (stand¬ 
ard error of estimate 1.2 mEq per L.) 

c) [Na]/[K] =0.26 [Cl] — 1.7 (standard er¬ 
ror of estimate, 1.52). 

The coefficients of correlation between chloride 
concentration and each of the other three variables 
are all significant. As the concentration of chlo¬ 


ride rises the concentration of sodium and the ratio 
between the concentrations of sodium and potas¬ 
sium rise while the concentration of potassium 
falls. 

The values for the 11 samples of sweat from the 
individual eating the diets grossly abnormal with 
respect to their electrolyte contents all fell within 
the range of normal variability.® In the 12 sam¬ 
ples of sweat collected from individuals treated 
with D.C.A. all values fell within the “normal 
range’’ except for one value for potassium concen¬ 
tration which fell below the normal range. In the 
six samples of sweat obtained from patients hav¬ 
ing poorly controlled Addison’s disease, in rela¬ 
tion to the concentration of chloride, o) three so¬ 
dium concentrations fell within, two fell above and 
one fell below the normal range, b) two potas¬ 
sium concentrations fell within and four above the 
normal range and c) all six ratios between the con- 

3 The nonnal range of variability was taken to be 
y±2 standard error of estimate where y is [Na], [K] 
or [Na]/[K]. Such a range includes 96 per cent of de¬ 
terminations. 
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centrations of sodium and potassium were below 
the normal range. 

IV. Relations between sweat chloride index 
and honnanal status. 

A. The effect of certain hormones on the sweat 
chloride-rate index. In this series of experiments 
one subject, who received ACTH, had rheumatoid 
arthritis. All other subjects were normal. Corti¬ 
sone acetate was given to one subject on two 
occasions. Methyl testosterone and testosterone 
propionate were each given to one subject. The 
other hormones were each given to two subjects. 
Methyl testosterone was taken by mouth. The 
other hormones were administered intramuscu¬ 
larly. The hormones and dosages employed were 
as follows; Adrenocorticotropic hormone (Ar¬ 
mour Standard ACTH) 25 mgm. b.i.d. or q.i.d. 
(see Table I); desoxycorticosterone acetate 
(D.C.A.) (Percorten, Ciba) 5 mgm. b.i.d.; corti¬ 
sone acetate (Cortone, Merck) 75 mgm. b.i.d. on 
. one occasion and 100 mgm. b.i.d. on another; 
methyl testosterone (Oreton-M, Schering) 25 
mgm. q.i.d.; testosterone propionate (Oreton, 
Schering) 100 mgm. daily; progesterone (Prolu- 
ton, Schering )50 mgm. b.i.d.; estradiol benzoate 
(Progynon-B, Schering) 5 mgm. daily. In most 
instances the hormones were administered over a 
three to five day period. 

Figure 3 represents the results of these ex¬ 
periments. The administration of either ACTH 
or D.C.A. was accompanied by striking reduc¬ 
tions in the value of the index in all instances. The 
administration of methyl testosterone was accom¬ 
panied by a significant rise in index values. While 
cortisone, progesterone and testosterone propionate 
had no statistically significant effect on the sweat 
chloride-rate index, inspection of the data sug¬ 
gests that their administration was associated with 
a slight rise in index values. It is possible that 
longer administration of cortisone would have re¬ 
sulted in a tendency to lowered index values. In 
one instance the administration of estradiol ben¬ 
zoate was accompanied by a significant reduction 
in the index; in the other instance this hormone 
had if anything an opposite effect. 

B. A comparison of the sweat chloride-rate index 
in normal and hypoadrenocortical subjects. Fig¬ 
ure 4 presents measurements of the sweat chloride- 


rate index obtained as a result of the first sweating 
in the cases of a) 10 normal subjects (seven male, 
three female) eating the standard diet during the 
summer; b) nine normal subjects (five male, four 
female) eating the standard diet during the winter; 
c) seven hypoadrenocortical subjects of which 
three were male and four female. Collections of 
sweat were made from the hypoadrenocortical pa¬ 
tients during both seasons of the year. One of 
these patients ate the standard diet. The others 
were on hospital diets estimated to contain 4-6 
gms. of sodium chloride per m- per day. 

In the normal subjects eating the standard diet, 
the average value for the index was during the 
summer .0054 (range .0029 to .0097) and during 
the winter .0165 (range .0111 to .0249). In the 
hypoadrenocortical subjects the average was .1095 
(range .0348 to .1809). In none of the three 
groups did the sex of the subject appear to affect 
the index value. 

V. The sweat chloride-rate index in studies of 
adrenal function in man. 

A. Effect of varying the dietary intake of sodium 
chloride and potassium salts. Figure 5 portrays 
data obtained in experiments involving one nor¬ 
mal male (Table I, Experiments No. lOc-d), one 
diabetic female and one patient having Addison’s 
disease (Table I, Experiments No. 14a-b). Their 
dietary intakes of sodium chloride per day varied 
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Fig. S. The Effect on the Sweat Chloride-Rate Index of Varvinc 

Dietary Sodium Chloride 

Differences noted in the normal and diabetic subjects following changes in 
dietary NaCl intake are statistically significant: the difference between the 
two groups of values obtained in the Addisonian patient is not statistically 
significant. 


between 10 and 30 gms., 0.6 and 8.6 gms. and 3.5 
and 11.5 gms., respectively. Note that the sweat 
chloride-rate index closely parallels the sodium 
chloride intake in the normal and in the diabetic 
subjects. In the Addisonian patient, no statisti¬ 
cally significant change in the index value oc¬ 
curred. 

In Experiments 12 and 13, Table I, two normal 
male subjects were given diets containing very 
large amounts of sodium chloride (15 and 24 gms. 
per m“ per day, respectively) for 10 days. At the 
time of the first sweating the respective sweat chlo¬ 
ride-rate indices were .0152 and .0369, the latter 
being within the range observed for patients with 
untreated Addison’s disease. The range of indices 
in 10 comparable normal subjects on the standard 
diet is .0029 to .0097 (Figure 4). 

' Figure 6 describes the effect on the sweat chlo¬ 
ride-rate index of a normal male of adding 27 
gms. of potassium citrate, 8.02 gms. of dipotassium 
phosphate and 3.78 gms. of monopotassium phos¬ 
phate (370 mEq of K) to a standard diet. Note 
that the index value was significantly lower during 
the high potassium period than during two control 
periods. 

B. Effects of exposure to heat. Figure 7 de¬ 
scribes the effect on the sweat chloride-rate index 


of normal subjects of a) season (see also Figure 
4) and b) repeated sweating. It is evident that 
the indices are considerably lower during the “sum¬ 
mer” (May 1 to October 31) than during the 
“winter” (November 1 to April 30). In the winter, 
but not in the summer, there is a well defined 
tendency for index values to fall when the subject 



5 10 15 20 

DAYS OF EXPERIMENT 

Fig. 6. The Effect on the Sweat Chloride-Rate 
Index of Increasing the Dietary Intake of Potas¬ 
sium Salts 

The values during the high potassium period are sig¬ 
nificantly different from the control values. 
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is sweated repeatedly on consecutive days. The 
observations of Figure 7 plus other incomplete data 
suggest that between three and approximately 
eight consecutive days of hourly exposure to in¬ 
tense heat are required to induce a drop in index 
values from average winter to average summer 
levels. 

C. Hypertension. Figure 8 shows the sweat chlo¬ 
ride-rate indices of four patients suffering idio¬ 
pathic hypertension. These measurements were 
carried out during the winter. The patients had 
been maintained on diets low in sodium (estimated 
to contain about 1 gm. of sodium chloride per m- 
per day) for from five to 20 months prior to the 
beginning of the experiments. For the first 10 
days of the experiment, during which no sweat was 
collected, and for the subsequent two to three days 
during which collections were made at daily in¬ 
tervals, they were maintained on the standard diet. 

It is seen that sweat chloride-rate indices for two 
of the patients fell within the normal range (Fig¬ 
ure 7); in the other two patients the values defi¬ 
nitely were subnormal. 



Fig. 7. The Effect of Season and Repeated Sweat¬ 
ings ON THE Sweat Chloride-Rate Index 


At the left of some of the curves are symbols. Each type 
of symbol represents a single individual. Thus repeat 
studies on the same individual can be recognized by S 3 Tn- 
bol duplication 



Fig. 8. Values for the Sweat Chloride-Rate Index 
OF Four Hypertensive Subjects 

These values were obtained during the winter. The 
shaded area gives the range of values obtained on normal 
subjects during the same season as indicated in Figure 7. 

DISCUSSION 

The initial studies described in this report show 
clearly that sweat electrolyte composition is influ¬ 
enced almost as much by non-endocrine factors re¬ 
lated to intensity of thermal stimulus, skin temper¬ 
ature and rate of sweating as by active adrenal 
cortical hormones. Under conditions of constant 
hormonal status, sweat electrolyte concentrations 
bear a mathematically predictable relation to these 
non-endocrine variables. A change in intensity 
of action of hormones which influence sweat for¬ 
mation results in an alteration in sweat electrolyte 
composition relative to thermal stimulus, skin tem¬ 
perature and rate of sweating. 

The sweat chloride-rate index was evolved in 
an effort to express such changes in sweat electro¬ 
lytes relative to these non-hormonal factors in 
a practically useful manner. Values for the con¬ 
centration of chloride bear a closely predictable 
direct relation to those of sodium and an appro.xi- 
mate, inverse relation to those of potassium in 
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sweat. Hence chloride may be considered satisfac¬ 
torily representative of the other two sweat electro¬ 
lytes, Rate of sweating does not always bear a 
close relation to intensity of thermal stimulus or 
skin temperature. On the other hand, it usually 
is roughly proportional to these variables. Rate 
of sweating is closely correlated with sweat chlo¬ 
ride concentration when the dietary and hormonal 
status are maintained constant. Because of this 
and the fact that rate of sweating is readily nieas- 
ureable, it was selected to represent the non- 
endocrine factors in the index equation. 

The observations on hypoadrenocortical patients 
coupled with the hormone administration studies 
provide clues concerning the probable nature of 
endocrine factors responsible for changes in sweat 
chloride-rate index values. Inde.x values were 
consistently higher than normal in hypoadrenocor¬ 
tical patients. Desoxycorticosterone acetate was 
the only one of the steroid hormones to induce a 
marked decrease in the inde.x value. This oc¬ 
curred within one day. Interestingly, 17-hydroxy- 
11-dehydrocorticosterone (cortisone) induced if 
anything a slight rise in index values over a period 
of three days. 

These data suggest that sweat chloride-rate in¬ 
dex values bear an inverse relation to the concen¬ 
tration of adrenal cortical hormones which, like 
desoxycorticosterone, act chiefly upon body elec¬ 
trolyte and water metabolism (10). Adrenocorti¬ 
cotropic hormone induced as great and as rapid a 
fall in the index value of normal subjects as did 
desoxycorticosterone acetate. It therefore appears 
that the human adrenal cortex secretes a hormone 
with desoxycorticosterone-like properties in re¬ 
sponse to adrenocorticotropin stimulation. 

While the estrogens and androgens given were 
not wholly without effect upon sweat chloride-rate 
index values, they did not appear to exert a strik¬ 
ing and consistent regulatory influence. This sug¬ 
gests that their influence upon sweat formation 
may have been accomplished indirectly by stimu¬ 
lating or inhibiting pituitary adrenocorticotropic 
hormone production rather than by direct action 
upon the sweat glands. Inhibition of adrenocorti¬ 
cotropic hormone secretion and hence of adrenal 
cortical activity might account for the slight rise 
in index values observed following cortisone, 
progesterone and testosterone. This thesis is 
compatible with the fact that cortisone and methyl 


testosterone act to suppress adrenal cortical urinary 
17-ketostcroid precursor production, presumably 
by inhibiting adrenocorticotropin secretion (11, 
12), Methyl testosterone also can inhibit 11-17- 
oxycorticosteroid excretion (13). The single ob¬ 
servation that estradiol may induce a lowering of 
index values likewise is in keeping with the fact 
that estrogens can cause adrenal cortical hyper¬ 
plasia by stimulating secretion of adrenocortico¬ 
tropic hormone (14). 

The foregoing considerations lead to the con¬ 
clusion that sweat chloride-rate index values are 
determined chiefly by adrenal cortical hormones of 
the 11-desoxycorticostcrone type. A rise in index 
values therefore suggests a decrease, and a fall in 
index values an increase in adrenal cortical ac¬ 
tivity. 

The present studies of adrenal cortical status 
based on measurements of this index extend and 
confirm observations of other-workers which sug¬ 
gest that the adrenal cortices undergo physiologic 
alterations in activity in response to certain situa¬ 
tions (14-16). Thus the consistent tendency for 
the sweat chloride-rate index to fall when normal 
persons are subjected to low sodium chloride diets, 
high potassium diets or repeated exposure to heat 
indicate that these factors induce a physiologic in¬ 
crease in adrenal cortical activity. By contrast, 
high sodium chloride diets prompt the index values 
of normal persons to rise to levels comparable to 
those observed in patients with primary hypo¬ 
adrenocorticism. The fact that no significant 
changes in index values took place in a hypo- 
adrenocortical patient when the salt intake was 
varied indicates that the changes observed in nor¬ 
mal subjects were dependent upon the presence 
of functionally intact adrenal cortices. 

The comparative observations on the normal 
subjects taking a high sodium diet and on the hy¬ 
poadrenocortical patients indicate that under cer¬ 
tain circumstances absolute rates of adrenal corti¬ 
cal secretory activity attained physiologically may 
closely approximate those observed in patients with 
adrenal cortical pathology. Similar information is 
provided by studies of urinary 11-17-oxycorti- 
costeroid excretion in health and disease (17). lo 
other words, pathologic is distinguished from 
physiologic adrenal cortical function by the rela¬ 
tion of secretory activity to physiologic, i^omeo- 
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static needs rather than by absolute differences in 
secretoiy- rate. 

Preliminary observations on patients with idio¬ 
pathic hypertension indicate that the sweat chlo¬ 
ride-rate index may provide interesting diagnostic 
information in certain presently obscure diseases. 
Two of the four patients studied had values sug¬ 
gestive of pathologic hyperproduction of the elec¬ 
trolyte-water regulating type of adrenal cortical 
hormone. 

SUMMARY AND CONCLUSIONS 

1. Intensity of thermal stimulus, skin tempera¬ 
ture and rate of sweating bear an important re¬ 
lation to sweat electrolyte composition. Certain 
hormones act to modify sweat composition rela¬ 
tive to these factors. Such hormonal action can be 
appraised by use of an index which expresses sweat 
chloride concentration values relative to rate of 
sweating. 

2. Studies suggest that the chief determinant of 
sweat chloride-rate index values is an adrenal cor¬ 
tical hormone which, like desoxycorticosterone, 
acts chiefly upon electrolyte and -water metabolism. 

3. Measurements of the sweat chloride-rate in¬ 
dex suggest strongly that the normal adrenal cor¬ 
tices can undergo wide variations in activity in 
response to physiologic, homeostatic needs. Un¬ 
der physiologic conditions, adrenal cortical produc¬ 
tion of desoxycorticosterone-like hormones may 
subside to levels comparable to those existing in 
patients with primary pathologic hypoadrenocorti¬ 
cism. 

4. The possibility that the sweat chloride-rate 
index measurement may have diagnostic value in 
miscellaneous conditions is exemplified by prelimi¬ 
nary observations on four patients with idiopathic 
hypertension. 
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the effect of lipiodol on alveolar gas exchange = 

By HARRISON BLACK ^ and ALBERT ROOS 
(Submitted for publication October 16, 1950; accepted. January 2. 1951) 


Within the past 15 years the advances in intra- 
thoracic surgery have made visualization of the 
bronchial tree with contrast media, particularly 
iodized poppyseed oil (lipiodol). a common prac¬ 
tice. Despite the established safety of the proce¬ 
dure m the vast majority of instances, repeated 
questions have been raised as to the innocuousness 
ot the oil in the pulmonary parenchyma. The 
feeling has been expressed by some authors that it 
IS unwise to perform any intrathoracic procedure 
for several weeks to several months following the 
administration of lipiodol. Thus Churchill (1) 
has advised delaying operation for a minimum 
o SIX weeks after bronchography because of fear 
of postoperative atelectasis and pneumonitis due to 
the oil. Belsey (2) was of the same opinion and 
a more recent paper by Miscall (3) indicates a 
persistence of this feeling. 

Pinkerton (4) has concluded from animal ex¬ 
periments that lipiodol in the absence of infection 
produces almost no reaction in the lungs. In 
cinical use, however, some evidence of lipoid 
granuloma has been observed (5), 

It is also conceivable that lipiodol in the alveoli 
might impair transalveolar gas exchange and thus 
interfere with recovery from an intrathoracic op¬ 
eration. Whereas immediately after introduction 
the material is limited chiefly to the bronchial tree, 
soon thereafter its presence can be demonstrated 
diffusely filling the lung parenchyma where it may 
persist for several weeks or longer. In an at¬ 
tempt to evaluate the possibility of deficiencies of 
transalveolar diffusion following the administra- 
tion of lip iodol the present study was undertaken. 

1A preliminary report was published in the American 
College of Surgeons Forum on Fundamental Surgical 
Problems, 1950. 

= This study was supported by a grant from the United 
States Public Health Service. 

3 Fellow in Thoracic Surgery, Washington University 
School of Medicine, St. Louis, Mo. 


material and methods 

Ten patients who were to have lipiodol bronchograms 
were studied before, within several hours after Uie instilla¬ 
tion of tlic oil and on the following day. Bilateral broncho- 
grams were performed by the aspiration technique using 
cc. 0 oil on each side. Since there is considerable 
puddling in the pyriform sinuses less than this actually 
enters the lungs. Nevertheless, with this method satisfac¬ 
tory^ mapping of the entire bronchial tree is regularly 
o tamed. It should be stressed that a significant amount 
o residual lipiodol was seen in the alveoli of all patients 
on fluoroscopy at the time the last tests were performed. 

he techniques employed to study the patients were’: 

) determination of the o.\ygen pressure (Po:) gradient 
etween tlie alveolar air (Paq,) and the arterial blood 
2) measurement of the arterial oxygen satura¬ 
tion, 3) determination of the time required to attain 
ull saturation when the subject was switched from 
room air to 100% oxygen and 4) determination of vital 
capacity and its subdivisions. 

The patient was brought to the laboratory without 
medication, but not necessarily in fasting condition. 
After resting 10-15 minutes on a stretcher in the supine 
position a sample of arterial blood was withdrawn from the 
femoral artery in the course of one to two minutes, dur^ 
mg which period the expired air was collected in a 
Douglas bag, which previously had been washed out twice 
with the same gas. The patient was provided with a 
mouthpiece and nose clip and a system of valves with small 
dead space was used for the air collection; 

Precautions were taken to disturb the patient as little 
as possible. Thorough novocaine infiltration preceded 
the arterial puncture, and several minutes were allowed 
to elapse between the arterial puncture and the collection 
of blood and expired air. Twenty cc. of blood were col¬ 
lected in a lightly oiled syringe containing 0.5 cc. of a 
mixture of eight parts of commercial heparin solution and 
two parts of a saturated solution of sodium fluoride. 

The direct determination of oxygen and carbon dioxide 
tensions of this blood sample was then immediately per¬ 
formed by a technique which has been described in detail 
elsewhere (7). In principle, it consists of the equilibra- 

* The symbols used throughout this publication have 
been made to conform with those recommended at the 
April, 1950, meeting of the American Physiological So¬ 
ciety (6). Substitutions for formerly used symbols are 
as follows: ‘P’ is gas pressure in general; ‘F’ is fractional 
concentration in dry gas phase; ‘i’ is inspired gas; ‘a’ is 
alveolar gas; ‘a’ is arterial. 
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lion ot 17 cc. of blood with an 80 cu. inin. h-i-'' Imbblc 
(initial composition of the bubldc li.la^o O;, 5.25/o CO 3 ) 
for 10 minutes at 37° C. At tbc end of this time pressure 
eipnlibration of the respiratory gases in blood and gas 
I)bases is ol)tained with less than 1 mm. Hg ebange in gas 
pressure in tbe liiiuid pliase. Tlie bubble is then trans¬ 
ferred to a Scliolaiuier micro gas analyzer, u-liere its com¬ 
position is determined. On tbe as-^mption that tbe total 
gas pressure of tbe bubble is eipial to atmospheric, the 
p.TTtial pressures in tbe bubble, and tlierefore, in tbe blood, 
are thus found. This assumption is justified in tbe case of 
normal arterial blood. Though in some of the patients 
studied the total arterial gas pressure was probably somc- 
wbat less than atmospheric, this would not affect the par¬ 
tial pressures of CO; and to a significant degree. 
Tbe error of this method, as found by performing tbe 
above determination on blood of known gaseous composi¬ 
tion, amounts to -f 0.1 3.3 mm. Hg for Oj and — 5.3 ±. 

2.4 mm. Hg for CO;. A correction of + 3.0 mm. Hg has 
been made for tbe CO 3 pressure due to the diluting effect 
of tbe anticoagulant ' 

The "ideal” alveolar o.vygcn pressure was determined 
from analysis of the e.'cpired air, collected simultaneously 
with the blood, and from the directly determined arterial 
COj pressure. As defined by Riley and associates ( 8 , 9) 
and Rahn (10) tbe "ideal" or “effective" alveolar pres¬ 
sures are those which if present continuously and uni¬ 
formly in all functioning alveoli, and if coinplijte equilib¬ 
rium were reached between the blood and gas phases in 
the lung, would permit COj and O- exchange in amounts 
'equal to that measured from analysis of inspired.and ex¬ 
pired air. As alveolar ventilation-perfusion relationships 
vary in different parts of the normal, and particularly of 
the pathologic lung, and as equilibrium of oxygen between 
blood and alveolar air in the abnormal lung often is not 
accomplished, “ideal” alveolar air must remain a theoreti¬ 
cal quantity. Its practical usefulness lies in the fact that 
reproducible values can be assigned to alveolar oxygen 
and carbon dioxide pressures, whereas this would be 
impossible to accomplish through direct sampling in the 
many instances of non-homogeneous alveolar air. The 
calculation of the “ideal” alveolar P 02 is based on the 
assumptions that the alveolar respiratory quotient equals 
that of expired air, and that the alveolar CO^ tension 
equals that of arterial blood. Whereas the former as¬ 
sumption seems to be correct ( 10 ), the latter may not be 
strictly true in cases of severe pulmonary disease. How¬ 
ever, the patients studied in this paper probably did not 
have a significant arterial-alveolar Pcoj gradient. 

The equation used to calculate “effective” alveolar P 02 
was the following ( 9 , 11 ) ; 


Pao 2 — P102 + 


Pao. X Fio^d - RQ) 
100 X RQ 


Pacoa * 

RQ ■ 


As various techniques arc in use for the direct determi¬ 
nation of blood gas tensions and for the determination of 
alveolar air composition, the oxygen gradient in 10 healthy 
male subjects from 25—35 years of age was determined, 
using the technique described above. The results are 
summarized in Table I. The average gradient was 3.0 


lAULE I 

Normal alveolar-arterial Poj gradient * 


Case 

Uaronietric 

prcbbtire 

Arterial 

A 

Alveolar 

P02 

(Pao.) 

B 

Arterial 

P02 

(Bnoj) 

A-B 

Gradient 


mm. //ji» 

mm, 11 fi 

mm . Hg 

mm . Hg 

mm . Hg 

1 

740 

41.2 

98.8 

93.8 

5.0 

2 

741 

37.2 

96.0 

90.2 

5.8 

3 

750 

35.4 

102.2 

99.8 

2.4 

4 

750 

37.1 

102.4 

99.8 

2.6 

5 

750 

38.2 

99.2 

95.0 

4.2 

6 

742 

40.0 

99.5 

100.0 

-0.5 

7 

747 

36.6 

108.4 

104.4 

4.0 

8 

745 

36.9 

102.2 

98.0 

4.2 

9 

745 

38.2 

100.5 

101.5 

-1.0 

10 

747 

41.4 

101.5 

98.0 

3.5 


Av. 3.0 ± 2.2 

* Normal males 25-35 years old. 


mill. Hg with a standard deviation of 2.2. Lilienthal and 
co-workers ( 12 ) using tbe same method for effective 
alveolar air and the Riley technique for direct measure¬ 
ment of the arterial gas tensions found an average gradient 
of 8.9 mm. Hg ± 2.9 in six normal subjects. Cournand 
and colleagues (13) with identical methods in 10 normal 
individuals found an average gradient of 10.0. Comroe 
and Dripps (14), employing a method for determining 
blood gas tensions comparable to ours and end-expiratory 
Haldane-Priestley alveolar air samples, found an average 
gradient of 0.7 ± 5.3. Barker, Lambertsen and associates 
(15), using effective alveolar air and an improved Riley 
method for arterial P 02 found an average difference be¬ 
tween the two of 3.7 mm. Hg which was statistically not 
significant. 

Arterial o.vyycn saturation 

Immediately following the collection of the blood sam¬ 
ple for the direct determination of gas tensions a sec¬ 
ond syringe, the dead space of which was filled with 
heparin, was attached to the needle and 20 cc. withdrawn 
for the determination of oxygen saturation in duplicate. 
The manometric method of Van Slyke was used for 
oxygen content and the Sendroy technique for capacity 
(except in the first three patients in whom the usual 
tonometer method for capacity was employed). Dupli¬ 
cate determinations checked within 0.15 vol.%. 

Vital capacity and subdivisions 

The measurements of vital capacity, inspiratory capacitj' 
and expiratory reserve volume ( 6 ) were obtained with the 
patient supine. Three determinations of each volume were 
made and the largest value recorded All volumes shown 
in Table III are coirected to 37° C., prevailing barometric 
pressure and saturated with water vapor (BTPS). 

Saturation time from room air to 100% o.rygen 

The time in seconds required for the arterial oxygen 
saturation to reach a maximum value when the inspired 
gas w'as changed from room air to 100 % oxygen was dc- 
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Alvcolar-artcria! (gradient before and after lipiodol 


Case 

.Age 

Se.K 

DiaKiiosi.s | 

1 

Time 

Oi 

Satiirutioii 

CO; 

Content 

.\rteri.il 

I’cn; 

.\lveolar 

I'o: 

li 

.\rtcrial 

I’o: 

A-B 

I*0; 

Gradient 




% 

mMol/f. 

mill. IIi; 

mill. lie 

mm. He 

mm. He 

Ha 

No pulmonary disease 

Before 

99.27* 

19.29 

43.0 

88.8 

90.3 

-1.5 

45 


5 hours 

94.67* 

17.81 

41.6 

99.7 

95.2 

4.5 

M 


1 day 

95..S2* 

20.74 

43.7 

93.9 

94.2 

-0.2 

Co 

Bronchitis and slight 

Before 

97.68* 

22.16 

40.5 

95.6 

93.8 

1.8 

52 

emphysema 

6 hotirs 

94.05 

21.74 

38.5 

96.6 

92.9 

3.7 

M 


1 day 

96.62 

21.43 

38.8 

90.6 

90.4 

0.2 

Bo 

Bronchiectasis | 

Before 

99.78 

20.74 

36.8 

103.3 

102.6 

0.7 

24 

LLL and lingula 

4 hours 

98.00 

21.29 

36.1 

100.4 

97.2 

3.2 

M 









Beh 

No pulmonary disease 

Before 

97.06 

18.95 

39.9 

92.4 

96.0 

-3.6 

17 


5 hours 

94.12 

19..56 

46.4 

81.2 

80.5 

0.7 

F 


1 day 

92.68 

21.88 

47.7 

91.7 

89.0 

2.7 

Bu 

Carcinoma obstructing 

Before 

85.06* 

27.22 

46.9 

92.2 

(48) f 

44.2 

48 

R. bronchus 

2 hours 

86.38* 

2.5.58 

41.4 

95.2 

53.2 

42.1 

M 


1 day 

84.95* 

27.75 

45.6 

94.9 

56.1 

38.7 

Bet 

Severe emphysema 

Before 

90.99* 

22.48 

36.9 

98.7 

62.3 

36.4 

41 


3 hours 

85.32* 

25.73 

38.5 

98.8 

57.4 

41.4 

M 


1 day 

91.13* 

23.62 

36.5 

95.8 

60.3 

35.5 

Ho 

Bronchiectasis L. lung, 

Before 

93.57 

24.20 

40.6 

91.9 

81.2 

10.7 

56 

fibrosis and severe 

Before 

91.03 

24.40 

42.0 

92.3 

81.6 

10.7 

M 

emphysema 

7 hotirs 

86.87 

24.84 

42.1 

95.1 

52.8 

42.3 

1 


1 day 

88.65 

24.15 

36.4 

99.9 

60.8 

39.1 



2 days 

92.95 

23.30 

42.5 

89.8 

89.9 

-0.1 

McC 

Bronchiectasis 

Before 

94.20 

21.71 

41.5 

94.9 

83.1 

11.8 

20 

LLL and lingula; 

5 hours 

94.59 

21.90 

37.3 

100.6 

82.7 

17.9 

M 

minimal RLL 

1 day 



42.8 

93.1 

83.9 

9.2 

Da 

Infected cysts LLL 

Before 

93.41 

24.26 

43.3 

92.3 

85.8 

6.5 

15 


Before 

— 


44.3 

98.5 

85.7 

12.8 

F 


54 hours 

92.40 

22.26 

44.3 

89.2 

82.2 

7.0 



1 day 

95.28 

22.40 

42.9 

90.4 

89.8 

0.6 

Mo 

Bronchiectasis 

Control 

87.56 

25.95 

43.9 

77.8 

49.0 

28.8 

69 

R. lung 

Control 

92.39 

23.52 

42.1 

104.0 

58.9 

45.1 

M 


4 hours 

81.60 

25.00 

42.9 

91.1 

52.5 

38.6 



1 day j 

- 1 

— 

46.7 

89.7 

56.0 

33.7 


* Tonometer equilibration for capacity. 

t Calculated, from saturation as direct determination not satisfactory. 


termined with a modified oximeter designed in this labora¬ 
tory by Elam, Sleator and co-workers (16-18). The 
earpiece of this apparatus employs a tungsten filament 
light source and two selenium photocells from which the 
electrical responses are channeled separately. The first 
cell which receives transmitted light filtered through a 
Wratten 29 filter measures changes in the red spectral 
region and is sensitive to changes both in total hemoglobin 
content and in oxygen saturation. The infra-red light 
which reaches the other cell has passed through three 
thicknesses of Wratten 87 and two thicknesses of Wratten 
88. The output of this cell reflects chiefly changes in the 
total amount of blood in the path and is independent of 
oxygen saturation above 60%. From the amplified and 


continuously recorded outputs of the two cells the oxygen 
saturation of the blood in the optical path can be deter¬ 
mined by means of a calibration curve. This instrument 
is similar in principle to that described by Wood and 
Geraci (19). The lag of the recorder for full scale de¬ 
flection is 0.45 seconds. The ear lobe to which the in 
strument was attached was “arterialized” by histamine 
iontophoresis using 5 milliamperes of current for one 
minute on both the anterior and posterior surfaces. 

With the amplifications of the two channels set at an 
arbitrary level that would give an adequate differential 
between room air and 100% oxygen values the supine 
subject was allowed to breathe room air through a three- 
way stopcock and a system of one-way valves using a 
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EjJcct oj lipiodnl on Innn voluiiifS 



Time 

In>j>jralory 

capacity 

Expiratory 

tchcrvc 

voiwn^c 

Vital 

capacity 

Vital 

canacily 

cliausc 



cc. 

cc. 

cc. 

% 

Ha 

Before 

3,385 

1,059 

4,345 



6 hours 

3,385 

709 

3,965 

- 8.8 


1 day 

3,385 

952 

3,810 

-12.3 

Co 

Before 

3,010 

842 

3,731 



•Ij hours 

2,823 

804 

3,680 

- 1.4 


1 day 

2,910 

784 

3,758 

-i- 0.7 

Bo 

Before 

3,560 

922 

4,300 



5 hours 

3,600 

1,002 

4,300 

0.0 

Beil 

Before 

2,820 

697 

3,100 



5 hours 

2,410 

i 646 

I 2,740 

-11.6 


1 day 

i 2,760 

772 

3,000 

- 3.2 

Bet 

1 j 

Before 1 

1.460 

635 1 

1,810 



3 hours i 

951 i 

476 1 

1,428 

-21.5 


I day 

1,128 

626 1 

1,721 i 

- 4.9 

Ho 

Before 

1,240 

816 

1,830 



6 hours 

861 

622 

1,680 

- 8.2 


I day . 

880 

828 

1,811 

- 1.0 


2 days 

894 

894 

1,810 


McC 

Control 

2,605' 

1,010 

3,620 



5 hours 

2,710 

1,003 

3,770 

-f 4.2 


1 day 

3,020 

1,069 

3,838 

+ 6.3 

Da 

Before 

1,058 

370 

1,320 



Before 

1,430 

529 

2,118 



5 hours 

1,310 

502 

1,780 

+ 3.6 


1 day 

1,486 

530 

1,911 

-1-11.2 

Mo 

Before 

1,360 

532 

1,880 



Before 

1,400 

635 

1,800 



4 hours 

1,100 

481 

1,380 

-25.0 


I day 

1,149 

521 

1,680 

- 8.7 


All volumes corrected to 37° C., prevailing barometric 
pressure and saturated with water vapor (BTPS). 

* Control taken seven days after lipiodol. 


mouthpiece and nose clip. When the o.ximeter baseline 
was found to he stable, turning of the stopcock at the 
end of a normal expiration allowed the subject to 
breathe from a reservoir of 100% oxygen and expire into 
the room. The instrumental dead space was 70 cc. Each 
period of oxygen breathing lasted from two to seven 
minutes and between determinations intervals of seven to 
ten minutes were allowed for the saturation to reach 
the room air baseline again. In each subject from three 
to nine measurements of saturation time were made and 
the results averaged. 

The method of interpreting the records requires some 
comment. Fowler and Comroe (20) in measuring the 
saturation time used a single-channel Millikan oximeter 
which partially compensated for changes in total hemo¬ 
globin. The instrument was set at '96% saturation with 
the normal subject breathing room air. Because the mo¬ 
ment of reaching maximum saturation when the sub¬ 
ject breathed 100% oxygen was difficult to appraise ac¬ 


curately, I'owler and Comroe used as endpoint 0.5% 
saturation below the highest value. The instrumental lag 
was 0.07 .seconds to reach 95% of the final value. This 
method of measurement requires the assumptions that 
identical deflections of the instrument in different indi¬ 
viduals represent identical changes in saturation and also 
that all subjects were 96% saturated wliile breathing room 
air. 

In our studies we measured tlie total deflection from 
room air to 100% o.xygen and subtracted 10% of this 
deflection to obtain an arbitrary endpoint. The time in 
seconds between the first inspiration of 100% oxygen 
and this point is called Tm or the saturation time.^ The 
o.ximeter was thus used as a qualitative instrument only. 

As a corollary of the above measurement, the lung-to- 
ear circulation time was also obtained from the records 
by measuring the interval from the first inspiration of 
100 % oxygen to the first upswing of the saturation curve 
recorded at the ear. 

RESULTS 

Alveolar-arterial Po, gradient 

From our control studies on normal individuals 
an alveolar-arterial Po, gradient of less than 7.4 
mm. Hg can be expected in 95% of normal indi¬ 
viduals (mean plus 2 x standard deviation). Con¬ 
sidering this value as the upper limit of normal it 
was found that out of 10 patients studied all but 
four had abnormally large gradients, ranging from 
9.7 to 44.2 mm. Hg at rest before lipiodol. This 
was associated in ail instances with a normal "ef¬ 
fective” alveolar Po,. This increase in gradient 
can be considered as the result of an abnormally 
large contribution of mixed venous blood to the 
systemic arterial blood. This large "effective ve¬ 
nous admixture” might result either from the pres¬ 
ence of a significant number of perfused but non- 
ventilated alveoli or from impaired diffusion across 
a pathologically thickened alveolar membrane with 
or without adequate ventilation. Arterial oxygen 
saturation less than normal (93%) was found in 
the four cases with the greatest gradients. These 
data are summarized in Table II. 

After the administration of lipiodol the Po, 
gradient increased by 6 mm. Hg or less in all but 
two instances. These changes and that occurring 

^ Our data are nevertheless roughly comparable to 
those of Fowler and Comroe (20) for the following 
reasons. These authors noted a mean increase of 3.72% 
saturation.' From this 0.5% was subtracted for the end¬ 
point which thus occurred 3.22% above the room air level. 
This is 3.22/3.72 or 86% of the total deflection which 
compares quite closely with our endpoint (90% of total 
deflection). 
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in Da (a decrease of 2.7 mni. Hg) are of question¬ 
able significance since they are close to the limit 
of experimental error. In only one patient (Ho) 
was a significant increase in Po, gradient found 
(31.6) and this persisted until 48 hours after the 
oil was given. This 56 year old man had advanced 
bronchiectasis of the left lower lobe and lingula 
associated with considerable emphysema and fibro¬ 
sis. The change in his arterial oxygen saturation 
(5.4%), although not the largest in the series, re¬ 
duced it to a definitely anoxic level from a control 
value close to normal. This individual was the only 
one of the six in this series who eventually under¬ 
went pulmonary resection who did not survive the 
postoperative period. Pie died on his fourth post¬ 
operative day of respiratory insufficiency. The 
remaining patients survived operation without un¬ 
usual respiratory symptoms. Mo, who appeared 
to be just as poor an operative risk, had only a 
minimal change in alveolar-arterial gradient after 
lipiodol although the reduction in his vital capacity 
was the largest in the series (460 cc.). Statisti¬ 
cal analysis of the data as a whole, using Student’s 
t-test indicates no significant change in alveolar- 
arterial Poj gradient nor in absolute value of ar¬ 
terial Poj after lipiodol administration. 

From the above findings the conclusion can be 
drawn that the presence of deficient alveolar func¬ 
tion per se does not necessarily predispose to fur¬ 
ther impairment by lipiodol, but when this does 
occur it may be an ominous sign. 

As might be expected from the greater diffusi- 
bility of carbon dioxide, the data reveal no signifi¬ 
cant increase in arterial Pco, following lipiodol ex¬ 
cept in one case (Beh). As this patient had no 
demonstrable lung pathology the finding is prob¬ 
ably due to experimental error. 

Arterial oxygen saturation 

Although some cases had a fall in saturation 
as large as 5% after lipiodol most values remained 
within the range of normal {i.e., above 93%). 
Three patients (Bet, Mo and Ho) did develop a 
significant degree of desaturation after broncho¬ 
graphy, but in the former two this was not associ¬ 
ated with a significant change of arterial Po, 
or of alveolar-arterial Poj gradient. Although 
the change in oxygen saturation occurring within 
several hours after bronchography was found to 


be statistically significant, it should be pointed out 
that duplicate determinations may differ by as 
much as 2% saturation.'* 

Vital capacity 

Statistical analysis of the vital capacity data 
(Table III) indicates a significant reduction (P < 
.05) from the control value on the day the broncho- 
grams were made (average reduction 7.6%) but 
not on the following day (average difference 
1.5%). Individually two cases showed a slight 
increase in vital capacity after lipiodol, two showed 
minimal or no change and four had from 8-25% 
reduction within several hours with a return to 
within 9% or less of the control value by the 
following day. Only one case (Ha) showed a 
progressive decrease in vital capacity amounting 
to a maximum loss of 12.3%. This man, how¬ 
ever, had no demonstrable pulmonary pathology 
and his cooperation was open to question. 

Oximeter data 

The results of the studies of saturation time are 
shown in Table IV. In the four normal cases 

® For this reason and because of the nearly horizontal 
course of the o.xygen dissociation curve in the high range 
of oxygen saturation, derivation of oxygen tension from 
oxygen saturation in this range is not permissible and the 
direct measurement of tension becomes a more sensitive 
index of changes. 


TABLE IV 


Saluralion time in normal subjects and patients 
before and after lipiodol 


Normal 

subject 

Satura¬ 

tion 

time 

Patient 

Saturation time 

B-A 

A 

Before 

B 

After 
2-7 lirs. 

C 

After 
24 lirs. 


seconds 


seconds 

seconds 

seconds 

seconds 

GB 

31.5 

Bu 

86.6 

53.9 

47.1* 

-32.7 

GB 

26.4 

Ha 

22.1 

19.7 

18.0 

— 2.4 

AR 

22.5 

Bet 

31.0 

32.3 

51.5 

1.3 

AR 

22.4 

Co 

44.5 

44.6 

38.9 

0.1 

AR 

29.4 

Ho 

82.4 

101.9 

132.2 

19.5 






81.9t 


AR 

28.4 

Bo 

23.8 

19.2 

— 

— 4.6 

RP i 

24.6 

Da 

24.6 

— 

— 


WE 

24.0 






Mean 

26.2 


45.0 

45.3 

57.5 

- 3.2 

S.D. 

3.4 


28.0 

30.3 

43.7 







-L 



Each value in this table represents the average of from 
two to five readings taken consecutively on the same day. 
* Two days after lipiodol. 
t Four days after lipiodol. 
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considcral)Ie variability was found, tlic j^rcatcst 
dilTcrcncc between readings at a single session in 
the same subject being 17,0 .seconds. The mean 
normal .saturation time was 26.2 (—.3.4 seconds). 
Tliis compares closely with the average of 15-30 
seconds found by Elam and colleagues (17) with 
the same ecpiipment and a mean of 25.0 found In- 
Wood. Taylor and Knutsen (21) with their in¬ 
strument. Using the Millikan o.ximeter Fowler 
and Comroe (20) found a mean of 52.0 secoiuLs 
1S.6 and Douglas and Edholm (22) 58.4 ±6.1. 
In the si.x patients studied a mean saturation 
time before lipiodol of 45.0 seconds ± 28.0 was 
found. The reproducibility of the data was com¬ 
parable to that in the normal subjects e.\cej)t in 
one case in which a difference of as much as 47.0 
seconds was found between successive readings. 
The administration of lipiodol did not result in 
a consistent change in saturation time, the mean 
change amounting to — 3.2 seconds. 

It should be emphasized that the saturation time 
is influenced by several mechanical and physiologic 
factors other than the transport of O.^ across the 
alveolar membrane. Among these are proper 
timing of the beginning of inspiration of 0.^, effi¬ 
ciency of intrapulmonary ini.xing, circulation time 
from lung to ear and instrumental factors including 
changing ear lobe volume as the edema from hista¬ 
mine subsides. Inability to control these rigidly 
undoubtedly accounts for the poor reproducibility. 

Measurements of the lung-to-ear circulation time 
was also obtained from the records. In normals 
a mean of 5,4 seconds ± 0.7 was found. The 
mean for the patients (6.6 seconds ± 2.0) was not 
significantly different. No prolongation of cir¬ 
culation time after lipiodol was observed. (Aver¬ 
age several hours after bronchography 6.5 ± 1.1; 
one day afterwards 6.2 ± 1.7.) 

DISCUSSION 

From our studies of the alveolar-arterial Poj 
gradient the conclusion can be reached that in 
most instances lipiodol in the amounts commonly 
used does not increase the proportion of mixed 
venous blood reaching the arterial circulation 
(“effective venous admixture”). It, therefore, 
neither decreases alveolar ventilation nor does its 
presence on the alveolar surface form a significant 
barrier to diffusion of oxygen. Even in those 
cases with an abnormally high control gradient. 


lipiodol does not generally aiipear to add further 
to the abnormality. This applies both to patients 
with diffuse pulmonary disease (emphysema) as 
well as to those with more localized processes such 
a.s parenchymal infiltration or atelectasis. The 
pulmonary pathology of the one case in our series 
with a considerable increase in gradient following 
lipiodol was not fundamentally different from that 
found in the other patients, except perhaps in 
extent. For the purposes of evaluating the ad- 
vi.sabi!ity of delaying operation after lipiodol ad¬ 
ministration, however, it should be noted that even 
in this individual the gradient returned to the con¬ 
trol level within 48 hours. In addition, all abnor¬ 
mal values found on any of the tests in the remain¬ 
ing patients had returned to the pre-lipiodol level 
within 24 hours. 

It must be realized that varying amounts of 
bronchia! secretion may result in spontaneous fluc¬ 
tuations in the o.xj-gen gradient. Such fluctuations 
have actually been demonstrated in some of the 
patients in whom more than one control study 
was done. Any comparison between studies before 
and after lipiodol should be considered in the light 
of this varying baseline. 

In evaluating our data on vital capacity and sub¬ 
divisions comparison with the work of Zavod (23) 
can be made. This author found in 50 patients 
an average loss of 15% of vital capacity within one 
hour of the administration of lipiodol. This loss 
decreased to 10% on the following day and had 
disappeared by the fourth day. It was more at the 
expense of expiratory reserve volume than of in¬ 
spiratory capacity. A similar trend is found in 
our data although the losses of vital capacity are 
not as marked and not as consistent. We are re¬ 
luctant to attach any importance to the immediate 
reduction in vital capacity since it may be due 
to inadequate cooperation of the patient in whom 
the presence of residual lipiodol often precipitates 
cough on maximal e.xpiratory effort. 

In summary, we may conclude that the fear of 
further impairment of alveolar function need not 
delay an intrapleural operation more than a few 
da^'s after bronchography. 

CO^■CLUSIO^’S ) 

1. A study has been made of the pulmonary 
function of 10 patients before and after broncho¬ 
graphy by means of lipiodol. 
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2. In only one patient was the alveolar-arterial 
Po, gradient found to be definitely increased fol¬ 
lowing the procedure, although live cases in ad¬ 
dition to this one had an abnormally high gradient 
in the control study. 

3. Arterial carbon dioxide tension was essen¬ 
tially uninfluenced by lipiodol. 

4. The vital capacity was reduced by an aver¬ 
age of 7.6% several hours after bronchography. 

5. Measurement of the saturation time on chang¬ 
ing the inspired gas from room air to 100% oxy¬ 
gen revealed no significant efifect after lipiodol. 
Lung-to-ear circulation time was similarly un¬ 
changed. 

6. All abnormal values returned to the control 
level within 24 hours except in one case in whom 
the pre-lipiodol values were not reached until 48 
hours later. 

7. It is concluded that the presence of lipiodol 
has no significant influence on the respiratory gas 
exchange except in occasional patients with ad¬ 
vanced pulmonary pathology. 
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III view of the [jo:?sihlc role of an increased blood 
vohmie in the cievelopnieiit of certain features 
of congestive heart failure, we have undertaken an 
investigation of experiinenially iiuliiced changes in 
plasma volume. The pre.sent report deals with the 
effect of rapid i!Uravenou.s infusions of physfofogfc 
saline .solution on the pulmonary arterial and 
capillary pressure of normal human subjects. 

M ItTIIOlXS 

Tuch-c adult men ranging in age from 17 to 64 
years and convalescent from noncardiac ailments were 
studied. The subjects were in the post-absorptive state 
and in the recumbent position. The pulmonary artery 
was catheterized by the usual technique (1). An indwell¬ 
ing needle was inserted into a peripheral artery. Expired 
air was collected for three minutes in a Douglas bag. 
The oxygen content of the blood samples was determined 
by the metliod of Van SJylre and NeiJi (2) and of the 
air samples by the method of Haldane (3). The cardiac 
output was calculated utilizing the Pick principle. 

The so-called pulmonary blood volume was determined 
by the dye dilution method of Stewart and Hamilton 
(4, 5) as modified by Ebert (6). An accurately meas¬ 
ured amount of T-1824 was injected into the cardiac 
catheter and the arterial blood sampled for two-second pe¬ 
riods for 22 seconds after the injection. A teii-minute 
arterial blood specimen was obtained for estimation of 
the initial general blood volume. Subsequent blood vol¬ 
umes were calculated from the hematocrit reading, as¬ 
suming the red blood cell mass to remain constant. The 
mean pulmonary circulation time and the cardiac output 
were calculated from the dye time-concentration curve 
and m turn the pulmonary blood volume was derived. 

The instantaneous and mean pulmonary arterial pres¬ 
sure curves were measured from a zero lev'el 5 cm. belovv 
the sternal angle by a Sanborn electromanometer and 
registered with a simultaneous electrocardiographic lead 

^ This study was supported in part by a grant from the 
American Heart Association. 

- Whitehead Foundation Research Fellow, 1949-50, 

^ Whitehead Foundation Research Fellow, 1950-51- 
Alfred Stengel Research Fellow of the American Col¬ 
lege of Physicians. 


i>n a Sanborn Polyviso recorder. The so-called pul¬ 
monary capillary pressure was measured by the method 
ijf Dexter {/). The heart rate was determined from the 
dectrocanliogram. 

After completion of these control observations, physio¬ 
logic saline solution was injected into a peripheral vein 
at rates of from 77~N6 cc. per minute in amounts of 
9.50-1,000 cc. During this time the pulmonary arterial 
prc.s.sure was measured continuously or at frequent in¬ 
tervals. Toward the end of the infusion period the cardiac 
output and the pulmonary blood volume were again de¬ 
termined. TIte infusion was then discontinued and in most 
instances the cardiac output was determined a third time 
at varying subsequent intervals. 

Measurements of the vital capacity were made on eight 
subjects at various times during the experimental period. 

RESULTS 

In each of the 12 cases there \va,s a rise in the 
pulmonary arterial pressure evident within one or 
two minutes and continuing to increase throughout 
the infusion period (Table I). The mean resting 
pulmonary arterial pressure of 7-15 mm. Hg 
(average 12 mm, Hg) rose to levels of 16-25 mm. 
Hg (average 20 mm. Hg), representing increases 
of from 43-150 per cent. Both the systolic and 
diastolic pressures participated in the rise although 
the pulse pressure often widened moderately. 
Within 15 to 60 minutes after the infusion the 
mean pulmonary arterial pressure had returned to 
or toward normal. 

In four cases tabulated and in four other cases 
not tabulated here, the rapid infusion of saline 
solution caused an increase in the pulmonary cajril- 
iary pressure proportional to that observed in the 
pulmonarj' artery. Percentagewise the increase 
was greater because of the low initial level of the 
capillary pressure. 

Hemodilution at the end of the infusion w’as in¬ 
dicated by a fail in the hematocrit reading averag¬ 
ing 13 per cent and by an average increase in the 
general blood volume of 14 per cent. This repre- 
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sented an increase in plasma volume of approxi¬ 
mately 385 cc, per square meter in an average sub¬ 
ject. 

In 10 cases the pulmonary blood volume showed 
an average post-infusion increase of 12 per cent 
with variations from — 6 to +45 per cent of the 
control value. Both before and after the infusion 
the pulmonary blood volume amounted to about 
20 per cent of the general blood volume. Indi¬ 
vidually, measured increases in the pulmonary and 
the general blood volumes were not always propor¬ 
tional. Five of eight subjects showed a decrease 
in the vital capacity at the end of the infusion. 

The response of the cardiac output to the infu¬ 
sion was variable. The minute oxygen consump¬ 
tion rose slightly after the infusion. The arterio¬ 
venous oxygen difference and the central circula¬ 
tion time in general were somewhat reduced by 
the infusion. In six cases there was a significant 
increase in the cardiac output after the infusion 
while six remained within the limits of experi¬ 
mental error. In six out of eight cases, the third 
cardiac output was the same as or below the con¬ 
trol level. 

The pulse rate remained remarkably constant 
during the control and rapid infusion periods. In 
four patients repeated direct arterial pressure 
measurements failed to demonstrate a significant 
change following the saline infusion. Distention 
of the peripheral veins was regularly observed. 
Flushing of the skin was not seen. None of the 
subjects complained of dyspnea. 

DISCUSSION 

In every instance the pulmonary arterial and 
pulmonary capillary pressures were promptly and 
strikingly increased by the infusion of physiologic 
saline solution. A similar response has been ob¬ 
served following the transfusion of whole blood 
and the infusion of isotonic glucose and dextran 
solutions (8), Conversely, observations in this 
laboratory have demonstrated that a reduction of 
the effective circulating blood volume, caused by 
the application of venous-occluding tourniquets 
about the thighs, produces a lowering of the pul¬ 
monary arterial pressure (9). These data sug¬ 
gest that an abrupt, if not large, alteration in blood 
volume is the common denominator producing the 
observed pulmonary pressure changes. 

On theoretical grounds the rise in pulmonary 



TIME IN MINUTES 

Fig. 1. Simultaneous Measurement of Pulmonary 
Arterial and Capillary Pressures duri.vg a IL\pid Sa¬ 
line Infusion 

There was no significant change in cardiac output. 

arterial pressure following an infusion might be 
the result of an increased cardiac output and there¬ 
fore an increased pulmonary blood flow; of in¬ 
creased pulmonary resistance due to vasoconstric¬ 
tion within the lungs; or of an increased volume of 
blood contained within the pulmonary vascular bed. 

The fact that the rise in pulmonary arterial 
pressure was the result of a rapid infusion sug¬ 
gested that the pressure elevation might be the 
result of increased flow through the pulmonary 
circuit. Although an increased cardiac output, 
and therefore an increased pulmonary flow, did 
occur in six instances, in the other six there was 
only an insignificant change in the cardiac output, 
yet the hypertension also resulted. In addition, 
there was no correlation between the magnitude 
of the increase in the pulmonary arterial pressure 
and the changes in cardiac output which did oc¬ 
cur. This finding is not entirely surprising be¬ 
cause previous observations on normal subjects 
during light exercise (10) and on patients during 
temporary occlusion of arterioyenous fistulas (11) 
have demonstrated that a considerable change in 
the cardiac output may occur without any altera¬ 
tion in the pulmonary arterial pressure. 

As in the case of the pulmonary arterial pres¬ 
sure, there was an increase in the so-called pul¬ 
monary capillary pressure in all the patients ob¬ 
served, Although continuous and simultaneous 
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pressure readings of this function and of the pul¬ 
monary arterial pressure were not usually tech¬ 
nically possible, intermittent readings gave evi¬ 
dence that there was little or no change in the pres¬ 
sure relationships between the two areas. In one 
experiment two catheters were introduced, one 
measuring the pulmonary arterial and the other 
pulmonary capillary pressure. It was demon¬ 
strated that a saline infusion raised both pressures, 
the gradient between the two remaining constant 
(Figure 1). The evidence of an elevated pul¬ 
monary capillary' pressure indicates that quite 
probably the pulmonary venous pressure is also 
increased. Indeed, it may be that the pressure 
measured by this technique actually represents the 
left atrial pressure rather than the pulmonary capil¬ 
lary pressure (12), for the contours often show 
typical a-c-v waves. Further support to the concept 
that intravenous infusions raise the venous as well 
as the arterial pressure in the pulmonary circuit has 
been obtained from animal experiments in which 
both pressures were simultaneously measured with 
catheters in the pulmonary artery and the pul¬ 
monary vein (13). With large infusions it was 
found that both pressures rise, and that the venous 
pressure eventually approaches the elevated pul¬ 
monary arterial pressure. These data, therefore, 
indicate that the intravenous infusions in our pa¬ 
tients produced a rise in the pulmonary arterial, 
capillary and venous pressures without gross al¬ 
teration in the pressure relationships between these 
three components of the pulmonary circuit. 



Fig. 2. The Relationship between the General 
Blood Volume and the Pulmonary Arterial Pres¬ 
sure IN Subjects with Normal Cardiopulmonary 
Function under Relatively Basal Conditions 


TABLE n 

Observations on patients with normal cardiopulmonary 
functions under relatively basal conditions 


Patient 

! Age 

Surface 
area j 

Hemato¬ 

crit 

reading 

Blood 

volume 

Pul¬ 

monary 

arterial 

pressure 

Cardiac 

index 

(Pick) 


(y<arj) 

(rj. m.) 


(ce./ 
sq. m.) 

(mm. Se) 

(l./mtn./ 
sq. m.) 

1 

39 

1.55 

38.4 

2,710 

11.0 

4.5 

2 

33 

1.59 

41.6 

3,080 

16.0 

6.2 

3 

59 

1.62 

28.1 

2.360 

6.0 

5.3 

4 

43 

1.48 

34.0 

2,700 

12.0 

2.4 

5 

35 

1.76 

49.0 

3,030 

7.0 

3.3 

6 * 

17 

1.65 

47.5 

2,750 

10.0 

3.8 

7 

S3 

1.94 

44.0 

3,230 

11.0 

3.3 

8 

24 

1.66 

41.7 

2,980 

14.0 

3.6 

9 

20 

2.04 

38.1 

2,850 

14.0 

4.7 

10 

18 

1.82 

48.0 

2,630 

10.0 

3.4 

11 

24 

1.96 

31.6 

2,400 

6.5 

3.0 

12 

56 

1.68 

39.0 

2,120 

9.0 

1.7 

13* 

25 

1.93 

44,1 

2,620 

11.5 

3.7 

14* 

34 

1.95 

52.3 

2,830 

17.0 

2.8 

15* 

42 

1.71 

43.9 

2,390 

11.0 

2.5 

16 

42 

1.96 

44.9 

2,860 

17.5 

4.6 

17* 

64 

1.60 

32.3 

2,980 

15.0 

5.2 

18* 

31 

1.68 

37.7 

2,450 

12.0 

3.6 

19 

21 

1.88 

43.8 

2,970 

14.0 

3.8 

20 * 

27 

1.65 

40.0 

2,590 

10.0 

5.0 

21 

39 

1.85 

36.5 

2,050 

3.0 

2.4 

22 

63 

1.61 

47.5 

2,940 

15.0 

4.0 

23 

49 

1.91 

36.8 

2,610 

16.0 

3.6 

24* 

39 

1.82 

42.4 

2,430 

6.5 

4.2 

2S 

59 

1.77 

43.9 

3,380 

13.0 


26 

31 

1.30 

27.0 

2,710 

11.0 

5.5 

27 

34 

1.87 

32.9 

2,250 

8.0 

4.8 

28 

44 

1.40 

34.0 

2,560 

16.0 

2.7 

29* 

44 

1.76 

45.7 

3,200 

II.S 

2.7 

30 

34 

1.51 

38.5 

2,470 

8.0 

5.1 

31* 

21 

1.71 

46.9 

2,870 

13.5 

3.0 

32* 

36 

1.63 

34.7 

2,470 

7.0 

3.5 

33 

47 

1.82 

39.2 

3,180 

10.0 

3.6 

34 

28 

1.66 

48.5 

1 

2,820 

13.5 

4.3 

Mean 

S.D. 

37.5 

1.73 

40.4 

2,720 

±316 

! 

11.4 

±3.49 

3.8 

±1.03 


* Denotes patients receiving saline infusions and included 
in Table I. 


The maintenance of essentially normal pressure 
gradients throughout the pulmonary circuit in sub¬ 
jects receiving rapid infusions is considered as 
evidence against the occurrence of pulmonary ar¬ 
teriolar constriction as the cause of the pressure 
changes in these subjects. Had arteriolar con¬ 
striction been the cause of the increased pulmonary 
arterial pressure, little or no increase in the pul¬ 
monary capillary pressure would have been ob¬ 
served. Further evidence against vasoconstriction 
was obtained by examination of the contour of the 
pulmonary arterial pressure tracings which re¬ 
vealed no indication of decreased “run-off” during 
diastole. 

If increased flow and increased resistance due 



350 


J, T. DOYLE, J. S. WILSON, E. 11. ESTES, AND J. V. WARKEN 


to arteriolar constriction may be eliminated as the 
fundamental mechanisms producing the pulmonary 
hypertension, it becomes necessary to explore the 
possibility of an increased volume of blood in the 
lungs. 

First, the possible relationship of the pulmonary 
arterial pressure to the volume of blood in the 
pulmonary circuit under relatively basal conditions 
was investigated. A study of the so-called "pul¬ 
monary blood volume” failed to show good corre¬ 
lation with the pulmonary pressures. On the other 
hand, the relationship of the pulmonary arterial 
pressure to the general blood volume revealed a 
striking correlation. This is demonstrated in 
Figure 2, where in addition to the observations 
made in this study, there are included for further 
statistical validation 22 points derived from studies 
by the same methods on additional patients with 
.normal cardiopulmonary function made under 
relatively basal conditions (Table II). A linear 
relationship of good statistical significance is dem¬ 
onstrated. If the results obtained on the effect of 
saline infusions are plotted in a similar way, they 
will be seen to follow closely the line of regres¬ 
sion derived from the observations on normal sub¬ 
jects under basal conditions (Figure 3). Although 
the line of regression is represented as straight, it is 


very {)Ossible that in actuality it is curved and fol¬ 
lows more nearly the pressure-volume relationship 
shown by elastic structures or, more particularly, by 
isolated segments of veins (14, 15). Apparently, 
however, under the conditions of our studies, the 
relationship between the blood volume and the 
pulmonary arterial pressure is nearly linear. In¬ 
fusion of one liter of saline solution in our human 
subjects, however, gave no evidence of the dispro¬ 
portionately large rise in pulmonary pressures such 
as reported in the open-chested dog by Opdyke 
and associates (16). 

The studies reported here indicate that the ratio 
between the quantities of blood contained in the 
pulmonary and the systemic circuits is not al¬ 
tered by a rapid expansion of the general blood 
volume. Yet, because of the pressure-volume re¬ 
lationship present in the pulmonary venous-left 
atrial segment, this small increase in blood con¬ 
tent produced a considerable increase in pul¬ 
monary pressures. Similar evidence in the op¬ 
posite direction is available from the study of 
blood loss in normal human subjects (8). If there 
were disproportionate addition to or loss from the 
pulmonary circulation, or if pulmonary vasomotor 
activity were stimulated, the relationship demon¬ 
strated in Figure 2 would not hold and the plotted 



PULMONARY ARTERY PRESSURE mm.Hg 

Fig. 3. The Relationship of the General Blood Volume and the Pul¬ 
monary Arterial Pressure in Normal Subjects Receiving Saline 
Infusions 

In each case the pulmonary arterial pressure rises. The line of regression is 
that obtained from Figure 2. 
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results would not fall on the line of regression. 
During hypoxia in normal subjects and in certain 
pathologic situations such a disproportion does 
occur (8). These pressure relationships are evi¬ 
dence against, but do not eliminate the unlikely 
possibility that our infusions produced acute car-- 
diac failure. 

The reason for the absence of a good correla¬ 
tion between the obsers’ed pulmonary arterial 
pressure and the measured pulmonary blood vol¬ 
ume in our studies is not apparent. The mean 
values show the expected directional trend but the 
individual values appear to be somewhat erratic. 
It is felt probable that changes in the pulmonary 
volume of the order of 50-100 cc., as induced in 
many of these experiments, are not sufficiently be¬ 
yond the range of error in the measurement itself 
( 8 ). 

Insofar as one can measure the filling pressure 
from observations made at one point, it is interest¬ 
ing to note that despite the evidence of an increase 
in the pulmonary venous, and therefore the left 
heart filling pressure, there was not a consistent 
increase in the left ventricular output. These data 
are compatible with the concept that alterations in 
the filling pressure are not a major factor in pro¬ 
ducing changes in the cardiac output in the human 
being (17). 

It has been demonstrated previously that intra¬ 
venous infusions similar to those utilized here 
produce an increase in the right ventricular, right 
atrial, central venous and peripheral venous pres¬ 
sures (8, 18). Although simultaneous readings of 
these pressures and those in the pulmonary circuit 
are not available, the evidence indicates that the 
rise produced is essentially the same throughout 
the venous and pulmonary circuit. The normal 
pressure gradients appear to be maintained thereby 
from peripheral vein to left atrium, but at a higher 
level following the infusion. 

In the present study the pulse rate remained 
remarkably constant from the control through the 
infusion period. This failure to observe the Bain- 
bridge reflex in the normal human has been ob¬ 
served previously in this laboratory (18). 

It is difficult to assess the relationship of the pul¬ 
monary hypertension produced in these studies to 
that occurring in patients with cardiac disease. 
These experiments, as well as other recently re¬ 
ported observations (19, 20), demonstrate the oc¬ 


currence of elevations in the pulmonary capillary 
pressure of such magnitude as adequately to 
account for the production of pulmonary edema 
without implication of changes in capillary perme¬ 
ability. Further studies are under way on the ef¬ 
fect of manipulations similar to those described 
here on the pulmonary hemodynamics of patients 
with cardiac and pulmonary disease. 

SUMMARY 

In the normal human subject the pulmonary 
arterial and the pulmonary capillary pressure can 
be significantly increased by the rapid intravenous 
infusion of physiologic saline solution. The pul¬ 
monary and the general blood volumes increase 
proportionately after this maneuver. The cardiac 
output after a rapid infusion may or may not 
increase. 

There is a linear correlation between the rest¬ 
ing pulmonary arterial pressure and the general 
blood volume in normal subjects but this relation¬ 
ship is not apparent in the case of the pulmonary 
blood volume as measured by the dye technique. 
The same relationship continues after an increase 
in the blood volume with saline solution. It is 
suggested that the changes induced by a rapid 
infusion can be explained most adequately on the 
basis of an abrupt, but not disproportionate, in¬ 
crease in the amount of blood contained in the 
relatively indistensible pulmonary circuit. 
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A study of intracardiac and intravascular tem¬ 
peratures was undertaken with the thought that 
such measurements might provide further informa¬ 
tion concerning the mechanisms which normally 
maintain body temperature within its narrow limits 
and also that they might help to explain the devi¬ 
ations from normal temperature in certain disease 
states. Whereas the temperature of the peripheral 
tissues may vary widely, homeothermic man main¬ 
tains the temperature of the deep tissues, or of a 
critical deep tissue, fairly constant under widely 
varying conditions of heat loss and heat gain (2). 
The identity of the critical deep tissue is not com¬ 
pletely understood but a considerable body of evi¬ 
dence places it in the diencephalon and in normal 
man small variations in its temperature are thought 
to initiate compensating mechanisms which return 
the temperature of the body to the homeothermic 
norm. Generally, rectal temperature has been con¬ 
sidered to indicate deep tissue, and critical tissue, 
temperatures but often rectal temperature appears 
to be a lagging and unsatisfactory index; witness 
the onset, when the body is heated, of such com¬ 
pensating mechanisms as peripheral vasodilatation 
and sweating before a rise in rectal temperature 
has occurred; and conversely, in subjects who are 
cooled, the presence of vasoconstriction and pilo¬ 
motor activity before a fall in rectal temperature 
has taken place. It seemed desirable, therefore, to 
look for some other index of critical deep tissue 
temperature. 

Considerations of the mixing of blood in the 
left ventricle, probably in proportion to the volume 
flow and temperature of the blood from all organs, 
suggested the temperature of left ventricular blood 

1 Read in part at the Thirty-third Annual Meeting of 
the American Physiological Society, Detroit, Michigan, 
April 21, 1949 (1). 

* This study was supported by a grant from the Baruch 
Committee on Physical Medicine. 


as representative of deep tissue temperature. The 
difficulties in such a measurement, together with 
the likelihood that no significant change in tem¬ 
perature occurs during the transit of blood through 
the aorta, lead to the substitution of the tempera¬ 
ture of the blood high in the femoral artery for left 
ventricular temperature. The observation (3) 
that such femoral arterial temperatures consistently 
fell below simultaneously recorded rectal tem¬ 
peratures, and that rectal temperature lagged be¬ 
hind changes in temperature of femoral arterial 
blood during changing body temperature, prompted 
the measurement of more ‘‘central” blood tempera¬ 
tures. 

It was the purpose of the present study to deter¬ 
mine the intracardiac and deep intravascular tem¬ 
peratures in afebrile subjects and thus establish a 
baseline of values with which future determina¬ 
tions, obtained during abnormal and changing 
body temperatures, could be compared. 

METHODS 

Observations were made on 24 afebrile hospitaliaed 
subjects, usually several hours after breakfast and oc¬ 
casionally after an overnight fast. Most of the determina¬ 
tions were made at ambient temperatures between 77“ F. 
and 84“ F. and with the subjects nude, except for a loin 
cloth. During the few observations made at lower room 
temperatures the subjects were covered with one sheet. 

All temperatures were measured potentiometrically 
with naked-junction, copper-constantan thermocouples and 
a Leeds-Northrup, Type K2, potentiometer. The tem¬ 
peratures in the chambers of the right heart and in the 
deep vessels leading to the right heart were measured 
by a thermocouple (copper wire gauge 30, constantan 
wire gauge 30) threaded to the tip of a standard, 8F, in¬ 
tracardiac catheter. This was a roving thermocouple, 
introduced in varying succession by the technique of car¬ 
diac catheterization (4), and under fluoroscopic con¬ 
trol, into the right heart and connecting vessels. In 
determining a temperature with this thermocouple, it was 
not moved to a new location until three successive read- 
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ings, made over a period of five to 10 minutes, checked 
each other. 

All other thermocouples were kept stationary after they 
were positioned properly. Femoral arterial and femoral 
venous blood temperatures were obtained by indwelling, 
plastic-sheathed, thermocouples (copper wire gauge 42, 
constantan wire gauge 30) threaded through Cournand 
needles previously inserted into the corresponding ves¬ 
sels high in the groin (3, 5). The thermal junctions of 
these thermocouples extended in the lumen of the ves¬ 
sels for a distance of 5 to 6 centimeters beyond the needle 
tips and probably reached the junction of the femoral 
with the iliac vessels. Rectal temperature, 3 inches above 
the anal orifice, was determined by a single thermal junc¬ 
tion (copper wire gauge 30, constantan wire gauge 30) 
presenting on the lateral wall of a suppository-shaped, 
hard-plastic applicator. Subcutaneous temperatures im¬ 
mediately beneath the skin, and intramuscular tempera¬ 
tures at a depth of inches below the skin surface, were 
determined in the lateral aspect of the thigh by means of 
gauge 22 needle thermocouples (copper wire gauge 42, 


constantan wire gauge 30). Because of their small masses 
all thermocouples had rapid response times, usually 95% 
of full deflection in 10 to 15 seconds. At the close of each 
experiment the calibration factor of each thermocouple 
was determined for that experiment. 

RESULTS 

The data for a typical observation period are 
plotted in Figure 1, which shows the relationships 
of the various intracardiac and intravascular tem¬ 
peratures to each other, and to rectal temperature. 
These relationships are shown more definitively in 
Table I and in Figure 2, wherein the data for all 
of the observations are analyzed with reference to 
the rectal temperature at the time. The data are 
consistent and indicate several thermal gradients. 

The temperatures in the right heart (atrium and 
ventricle) and pulmonary artery (main stem and 
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Fig. 1. Observations from a Typical Experiment Showing the Relation¬ 
ships OF Intracardiac and Intravascular Temperatures to Each Other and 
TO Rectal Temperatures (Afebrile Subject) 

The lines from above downward indicate in turn, rectal temperature, femoral 
arterial temperature, femoral venous temperature and intramuscular (thigh) tem¬ 
perature. The heavy, disconnected, solid bars indicate the temperatures obtained 
with the catheter thermocouple in the locations indicated directly above by the 
letters at the top of the graph. In this and subsequent figures these letters indicate: 
RPA, right pulmonary artery; PA, main stem of pulmonary artery; RV, right 
ventricle; RA, right atrium; SVC, superior vena cava; SV and SC subclavian vein; 
Ji, and JVi., jugular vein, low; Jh and JVn, jugular vein, high; IVCl, inferior vena 
cava, low; IVCm, inferior vena cava, mid-portion; IVCs, inferior vena cava, high; 
H, and HVp, hepatic vein near vena cava; HYm, hepatic vein, mid-liver; Ha and 
HVd, hepatic vein deep in the liver; AV, axillary vein. 
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TABLE 1 


Analysis of the deviations of intracardiac and intravascular temperatures from rectal temperature in afebrile subjects 




Dlflerence between "catheter" temperature and rectal temperature* 

Location of catheter thermocouple 

Number of 
patieou 

Mean 

•c. 

Standard 

deviation 

•c. 

Fisher 
t value 

Probabllltyt 

P 

Right Pulmonary Artery (RPA) 
Pulmonary Artery Main Stem (PA) 

mmmm 

IBEB 


6.24 

0.01 




6.19 

0.01 

Right Ventricle (RV) 



^B1[^B 

6.57 

0.01 

Right Atrium (RA) 


-0.26 

0.13 

9.96 

0.01 

Superior Vena Cava (SVC) 

SuDclavian Vein (SV) 


-0.35 

0.16 

9.01 

0.01 


-0.58 

0.22 

11.55 

0.01 

Jugular Vein, low (Jl) 


-0.22 

0.15 

5.51 

0.01 

Jugular Vein, high (Jh) 

Inferior Vena Cava, low (IVCl) 


-0.01 

0.04 

0.22 

0.80 


-0.26 

0.22 

2.84 

0.02 

Inferior Vena Cava, high (IVCh) 


-0.22 

0.18 

3.63 

0.01 

Hepatic Vein, near Vena Cava (Hp) 

6 

-0.09 

0.10 

1.88 


Hepatic Vein, deep in liver (Hj) 

6 

-0.03 

0.04 

1.84 

0.10 

Femoral Artery (FA) 

22 

-0.22 

0.15 

6.66 

0.01 


• Minus indicates catheter temperature less than rectal temperature. 

t Due to the small size of the samples, P values are not expressed smaller than 0.01 even though the P often calculated 
to a considerably smaller value. 


right branch) were practically identical, essentially 
equal to femoral arterial temperature, ■ and less 
than rectal temperature by an average of 0.25“ C. 
(0.45° F.). Analysis shows that this difference 
between right heart and rectal temperature, though 
small and with a sizable standard deviation, is 
nonetheless statistically significant (Table I) be¬ 
cause the intracardiac temperatures so consistently 
fell below rectal temperature (Figure 2). 

Progressively lower temperatures were recorded 
as the thermocouple was moved from the right 
atrium into the superior vena cava and into the 
subclavian vein, where the temperature averaged 
0.6° C. (1.1° F.) below rectal temperature (Fig¬ 
ure 2). Statistically, the temperatures in both 
of these vessels are significantly below rectal tem¬ 
perature (Table I). In the inferior vena cava 
there were inconstant variations from right atrial 
temperature but on the average the temperature 
at all levels was approximately equal to that in the 
right atrium (Table I, Figure 2). 

Two sites contributing blood of higher tempera¬ 
ture to the circulation were noted, the brain and 
the liver. As the tip of the thermocouple passed 
from the subclavian vein into the common jugular 
vein, even for a distance of only a few centimeters, 
the blood temperature rose sharply from a rela¬ 
tively low value to a value equal to right heart 
temperature (JVi„ Figure 1). High in the jugu¬ 
lar vein, approximately in the jugular bulb, the 


temperature was still higher, well above right heart 
temperature and equal to rectal temperature (Table 
I, Figure 2). Similarly the temperature of hepatic 
vein blood exceeded that of the inferior vena cava 
and equalled rectal temperature (Table I, Figure 
2). The observations on hepatic and jugular blood 
temperatures were few in number but analysis sug¬ 
gests that these temperatures are probably the 
same as rectal temperature (Table I). 

In brief, rectal temperature was slightly higher 
than the intracardiac and deep intravascular tem¬ 
peratures here measured, except that high in the 
jugular vein and deep in the hepatic vein the 
temperatures equalled rectal temperature. 

In 20 afebrile subjects the temperature in the 
femoral artery was found to be similar to that in 
the right heart (Table II, Figure 3). Moreover, 
femoral arterial temperature was essentially the 
same as the temperature in most of the deep ves¬ 
sels. However, in the hepatic vein, and high in 
the jugular vein, the temperature was higher than 
femoral artery temperature and in the superior 
vena cava and subclavian vein the temperature 
was lower (Table II, Figure 3). 

The differences between rectal and right heart 
temperatures were so small in afebrile subjects 
that for practical purposes the two temperatures 
may be considered to be the same. The few pre¬ 
liminary observations thus far-made indicate that 
such a similarity may not be the case when body 
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TABLE n 

Analysis of the deviations of intravascular and intracardiac temperatures from femoral arterial 

temperature in afebrile subjects 


Location of catheter tliermocouple 

Number of 
patients 

Difference between "catheter" temperature and 
femoral artery temperature* 

Mean 

• c . 

Standard 

deviation 

• c . 

Fisher 
t value 

Probabilltyt 

P 

Pulmonary Artery Main Stem (PA) 

16 

- 0.03 

0.07 

1.36 

0.2 

Right Ventricle (RV) 

17 

- 0.01 

0.06 

0.46 

0.6 

Right Atrium (RA) 

20 

- 0.03 

0.07 

1.84 

0.1 

Superior Vena Cava (SVC) 

17 

- 0.11 

0.08 

5.83 

0.01 

Subclavian Vein (SV) 

18 

- 0.36 

0.16 

9.15 

0.01 ■ 

Jugular Vein, low (Jl) 

11 

+ 0.02 

0.12 

0.62 

0.5 

Jugular Vein, high Qh) 

4 

+ 0.15 

0.21 

1.26 

0.3 

Inferior Vena Cava, low (IVCl) 

4 

- 0.08 

0.17 

0.85 

0.5 

Inferior Vena Cava, high (IVCh) 

9 

+ 0.03 

0.13 

0.58 

0.6 

Hepatic Vein, proximal (Hd) 

3 

+ 0.11 

0.10 

1.56 

0.3 

Hepatic Vein, deep (Ha) 

4 

+ 0.26 

0.05 

9.37 

0.01 


* Plus indicates catheter temperature higher than rectal temperature; minus, catheter temperature less than rectal 
temperature. 

t See footnote, Table I. 


temperature departs from the homeothermic norm. 
The data plotted in Figure 4 were obtained in a 
febrile patient with slowly^ resolving pneumonia 
and show a very sizable difference (0.8° C., 1.4° 
F.) between rectal and right heart temperatures. 


Furthermore, in five febrile patients with rectal 
temperatures ranging from 38.2° C. to 40.0° C. 
(100,7° F. to 104.0° F.) the differences between 
right heart and rectal temperatures were 0.2°, 0.4°, 
0.6°, 0.7° and 0.8° C. Right heart temperature 


DEVIATION OF INTRACARDIAG AND INTRAVASCULAR 
TEMPERATURE FROM RECTAL TEMPERATURE 
(AFEBRILE PATIENTS) 
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Fig. 2. Intracardiac and Intravascular Temperatures Plotted with Refer 

ENCE TO THE SIMULTANEOUSLY OBTAINED ReCTAL TEMPERATURE AS A BaS 
(Afebrile Subjects) 

Each dot represents a comparison in one subject between rectal temperature am 
the intravascular temperature indicated by the letters at the head of the respecUvi 
columns. Each heavy horizontal arrow represents the average of the corresponding 
group of dots. 
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DEVIATION Of WTRACAROIAC. INTRAVASCULAR AND RECTAL 
temperature from femoral ARTERY TEMPERATURE 
(AFEBRILE PATIENTS) 
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Fig. 3. Intracardiac, Intravascular and Rectal Temperatures Plotted 
WITH Reference to the Simultaneously Obtained Femoral Arterial Tempera¬ 
ture AS A Base (Afebrile Subjects) 

Details as in Figure 2. 

was always less than rectal temperature and the of the various intravascular temperatures to each 
difference was greater in the patients with the other and to rectal temperature were the same as 
higher fevers. In all five patients the relationships in afebrile subjects, and again, femoral arterial 

temperature was the same as right heart tempera¬ 
ture. 

DISCUSSION 

The data indicate a small, but consistent, gradi¬ 
ent of increasing temperature in the larger veins 
as they approach the heart. The gradient is steeper 
in the thorax than in the abdomen where, at times, 
it is not demonstrable. Sharp rises in tempera¬ 
ture above these gradients occur within veins 
which drain organs considered to have increased 
metabolic heat production. The liver and brain 
are shown to be such organs. 

It was not anticipated that femoral arterial tem¬ 
perature would be the same as right heart tem¬ 
perature. When previous observations (3) 
showed that femoral arterial temperature fell below 
rectal temperature, the supposition was held that 
right heart temperature probably equalled, or ex¬ 
ceeded, rectal temperature and that the lower fem¬ 
oral arterial temperature was due to the cooling 
of blood within the lungs (assuming again that 
blood does not change in temperature during 
transit through the aorta). Since right heart and 
femoral arterial temperatures are essentially the 



MINUTES 

Fig. 4. Relationship of Intracardiac and Intra¬ 
vascular Temperatures to Each Other and to Rectal 
Tempehature in a Febrile Patient with Slowly Re¬ 
solving Pneumonia 

Details as in Figure 1. 
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same, it follows that heat loss from the lungs is 
relatively so small with respect to the large volume 
of blood which flows through the lungs that the 
temperature of the blood is not altered by an 
amount which can be determined by the methods 
here used. 

Since the temperature of right heart blood was 
consistently less than rectal temperature, and since 
this difference was small, a systematic variation in 
the thermocouples was carefully looked for, but 
excluded. The consistency of the temperature 
pattern and the statistical analysis lead us to con¬ 
clude that the difference between right heart and 
rectal temperature, though small, is a real one. 
Since the measurements were not made at con¬ 
trolled ambient conditions the significance and 
constancy of this small difference may be ques¬ 
tioned, for it is well known that the temperatures 
of various portions of the body may vary consid¬ 
erably at different environmental temperatures 
and humidities. In this regard attention is called 
to the relatively narrow range (7° F.) of the am¬ 
bient temperatures, all of which were in a zone 
comfortable for the nude subject. Furthermore, 
regardless of the variations in temperature and hu¬ 
midity within this range the relationship of the 
rectal and intracardiac temperatures was always 
the same, with respect to both the direction and the 
degree of difference. 

It seems reasonable that there should be a dif¬ 
ference between rectal and right heart tempera¬ 
tures since one gives the temperature of a single 
organ whereas the other is influenced by thermal 
contributions from all organs. It seems reason¬ 
able, too, that femoral arterial temperature should 
be similar to intracardiac temperature, since both 
determinations are measurements of mixed blood 
temperature. Furthermore, differences between 
intracardiac, intravascular and rectal temperatures 
of the magnitude and direction here reported have 
been demonstrated jn animals; originally by Claude 
Bernard (6), who introduced thermometers into 
the heart and various vessels, and more recently 
by Horvath, Rubin and Foltz (7) who used intra¬ 
vascular thermocouples introduced under fluoro¬ 
scopic control. 

Although the differences between right heart 
temperature and rectal temperature were not suffi¬ 
ciently large to be of practical importance in afebrile 
subjects, these differences assume significance in 


two respects; in febrile patients and in considera¬ 
tions of the physiology of thermal homeostasis. 
In preliminary observations on febrile patients, 
right heart temperature at times fell so far below 
rectal temperature that the differences between the 
two cannot be dismissed. Further studies of ther¬ 
mal gradients within the vascular tree during fe¬ 
ver may serve to clarify the factors responsible for 
maintaining the febrile state. 

In regard to thermal homeostasis, attention has 
focussed on two temperatures; the average deep 
tissue temperature and the temperature of that 
“critical” tissue, believed to be located in the 
hypothalamus, which triggers the thermoregulating 
mechanisms which return body temperature to the 
homeothermic norm. Present concepts generally 
hold that both of these temperatures are measured 
by rectal temperature. This supposition appears 
open to question. The observations here reported 
confirm that variations in temperature exist even 
deep within the body core and this precludes the ' 
temperature of a single organ as the measure of 
average deep tissue temperature. An integrating 
measurement or a calculated average value seems 
more likely to indicate this temperature. Further¬ 
more, evidence is not at hand to prove that the 
temperature of the rectum is the same as that of 
the critical tissue, particularly during conditions 
of changing body temperature. 

Intracardiac temperature, and its equivalent 
femoral arterial temperature, appears to represent 
a “vascular” integration of the various individual 
temperatures to give an average blood tempera¬ 
ture. This temperature seems to approach aver¬ 
age deep tissue temperature more closely than any 
other single measurement but, because of the 
thermal contributions from the peripheral tissues, 
it may not be the same as average deep tissue tem¬ 
perature. Since the critical tissue temperature is 
the temperature of an organ, it is not likely that it 
would be indicated by an integrated temperature 
such as intracardiac temperature. Nevertheless, 
intracardiac and femoral arterial temperatures 
should have considerable significance in thermal 
homeostasis since the temperature of the blood as 
it enters, and affects, the critical tissue in the 
hypothalamus is more apt to be indicated by these 
temperatures than by any other measurement now 
made. Only the temperature of the blood in the 
afferent artery to the critical tissue would have 
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greater significance and tliis is a measurement not 
now available. 

The above considerations, based on the data 
presented, are suggested for the afebrile subject 
in thermal equilibrium. It remains for future study 
to determine whether the relationships between' 
intracardiac, intravascular and rectal temperatures 
here reported, and the considerations drawn there¬ 
from, also hold under the more critical conditions 
of changing body temperature, when thermo¬ 
regulatory mechanisms are actually called into 
action. 

SUMMARY 

1. Measurements of the temperature in the right 
heart, in the deep vessels leading to the right heart, 
in the femoral artery and in the rectum of 24 
afebrile subjects showed; 

(а) there is a gradient of increasing temperature 
in the larger veins as they approach the heart, 

(б) temperatures within the right heart and 
pulmonary artery are equal, and the same as the 
temperature high in the femoral artery, 

(c) rectal temperature exceeds intracardiac and 
deep intravascular temperatures by a small but 
significant amount, 

(d) temperatures in the veins draining the liver 
and brain are higher than the temperatures in the 
veins into which they drain, and equal rectal tem¬ 
perature. 

2. The differences between rectal and intra- 
cardiac temperatures are not of such magnitude 
as to be of clinical importance in afebrile subjects. 


3. Preliminary observations suggest that during 
fever rectal temperature may exceed intracardiac 
temperature by a significant amount, up to 0.8® C. 
in one patient. 

4. The data suggest a review of those con¬ 
cepts of thermal homeostasis which hold that rec¬ 
tal temperature represents either the average deep 
tissue temperature, or the temperature of the criti¬ 
cal tissue which initiates thermoregulating mecha¬ 
nisms. 
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The development of edema during the course of 
acute infectious diseases has been observed in pa¬ 
tients for many years. The retention of water and 
salt during the course of untreated pneumococcal 
pneumonia was described early in the century (1). 
The loss of chlorides from the blood and their sub¬ 
sequent excretion in the urine during recovery 
was shown to be associated with retention by the 
body of sodium and calcium while potassium and 
magnesium were excreted normally or in excess. 

After antipneumococcal horse serum became 
ayailable for treatment of pneumonia, serum sick¬ 
ness developed frequently in patients during con¬ 
valescence. The clinical picture of serum disease 
with edema and fever was shown to be accom¬ 
panied by the retention of chlorides and water in 
the body (2). Further investigation of serum 
disease in human beings revealed that the clinical 
symptoms are associated with the appearance in 
the blood of precipitins against the species of ani¬ 
mal in which the therapeutic serum was prepared 
(3). The appearance of precipitins precedes re¬ 
covery from the disease by a short interval and is 
coincident with disappearance of the antigen. 
These studies indicated that antigen-antibody re¬ 
actions were of clinical significance in the produc¬ 
tion of disease in human beings, and that the 
mechanism was in some way related to that of 
experimental anaphylaxis in animals. 

During the course of studies on patients with 
Rocky Mountain spotted fever, it was observed 
that alterations in the distribution of body fluids 
with the development of marked clinical edema 
reached a maximum just before clinical recovery 

1 This study was supported (in part) by research grants 
from the John and Mary R. Markle Foundation, the Na¬ 
tional Heart Institute of the National Institutes of Health, 
Public Health Service, and the Atomic Energy Com¬ 
mission. 


begins. The alterations in distribution of fluid ap¬ 
pear to predispose to peripheral circulatory col¬ 
lapse. In such crises the blood chlorides, blood 
volume and extra-vascular thiocyanate space are 
altered transiently but return to normal with re¬ 
covery (4). Observations in one patient who had 
been given hyperimmune rabbit antiserum for 
Rocky Mountain spotted fever showed that the al¬ 
terations in the blood volume and thiocyanate 
space, which occurred during classic serum sick¬ 
ness following recovery from the initial disease, 
resembled strikingly those seen in the same pa¬ 
tient during the acute phase of the rickettsial in¬ 
fection. These observations suggested the pos¬ 
sibility that an immune reaction may be directly 
or indirectly responsible for the changes in the 
permeability of membranes which permit altera¬ 
tions in fluid distribution in rickettsial spotted 
fever. 

The present experiments were undertaken to 
determine if changes in the blood volume and thio¬ 
cyanate space occur in an antigen-antibody reac¬ 
tion induced without injection and to relate the 
physiologic alterations to the development of im¬ 
munity. The anatomic changes occurring with 
serum sickness have been well studied, but the 
physiologic alterations induced by the disease are 
very poorly understood (5). Accordingly, rab¬ 
bits were injected with human plasma and the 
changes in distribution of body fluids were fol¬ 
lowed serially. 

MATERIAL 

Domestic rabbits of mixed breeds, weighing 2 to 4 
kilograms each, were placed in individual cages and fed 
a stock diet, supplemented once weekly by fresh green 
vegetables. Water was given without restriction. 

The same sample of pooled human plasma was used 
as the sensitizing antigen and as antigen for the precipitin 
tests in each individual experiment. 
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METHODS 

Chemical techniques: The plasma volume was deter¬ 
mined by the T-1824 (Evans Blue) dye method. Syringes 
holding 2 ml. were calibrated to deliver 0.5 ml. of a solu¬ 
tion containing 3 mg. of the dye per milliliter. The 
thiocyanate space was determined simultaneously. Syr¬ 
inges holding 10 ml. were calibrated, and 2.0 ml. of a 
solution containing SO mg. of sodium thiocyanate per 
milliliter were injected. 

The concentrations of the dye in rabbit serum were 
determined by the Evelyn photoelectric microcolorimetcr 
and the thiocyanate concentrations with the Evelyn photo¬ 
electric macrocolorimcter (6). Hematocrit readings 
were made on oxalated blood placed in Wintrobc tubes, 
centrifuged at 3,000 revolutions per minute for 30 
minutes. 

The total blood volume was calculated from the plasma 
volume and the hematocrit 

Immunologic techniques: The humoral antibody titer 
was followed by ring precipitin tests. The human plasma 
was diluted 1:100 in water and used as antigen to over¬ 
lay rabbit serum serially diluted in 2 X 20 mm. tubes to a 
maximum of 1:32. In the definitive experiment human 
plasma was diluted in physiologic saline, but the rabbit 
serum was undiluted. In the preliminary experiments di¬ 
lution of human plasma (antigen) as high as 1:100,000 
gave positive tests with undiluted rabbit serum (antibody) 
as definite as those obtained with 1:100 dilution of anti¬ 
gen and 1:32 dilution of antibody. 

The dye was diluted as much as 1:50,000 for precipi¬ 
tin tests in group 1; no precipitins were encountered, so 
the test was not performed in later groups. 

Skin tests to the dye were never positive in group 1; 
so they were not performed in later groups. No skin 
tests were done with plasma in any group. 

Experimental procedure: In the morning before feeding 
the animals were weighed and strapped on their backs to 
wooden boards. In groups 1 and 2 blood was withdrawn 
without anesthesia in an oiled syringe by cardiac puncture. 

Comparison of data indicated that reliable results could 
be obtained without deaths from heraopericardium by 
nicking an ear vein with a knife and collecting the blood 
in dry test tubes. Accordingly in group 3, 2 ml. were 
collected and allowed to clot; 1 ml. was then collected 
in another dry tube containing 6 mg. of ammonium oxa¬ 
late and 4 mg. of potassium oxalate. The dye was in¬ 
jected into a vein in the opposite ear, the syringe changed, 
and the sodium thiocyanate injected through the same 
needle within one minute. Ten minutes following com¬ 
pletion of the injection, 2 ml. of blood were collected from 
the first ear. 

Preliminary experiments; No data were available on 
the reliability of the technical methods in small animals, 
on the effect of repeated bleedings at short intervals, 
or on the normal values for plasma volume and thio¬ 
cyanate space in rabbits. It was not known whether rab¬ 
bits might become sensitized after repeated injections of 
the dye and hence develop a picture analogous to serum 
sickness. 


Accordingly, six animals (group 1) were used as a con¬ 
trol group on the technical procedures. Determinations 
of the blood volume, thiocyanate space and precipitin 
titers, as well as a skin test, were done simultaneously 
every second or third day. The animals received no 
plasma. They were kept under observation for a mini¬ 
mum of 30 and a maximum of 46 days. A minimum of 
nine and a maximum of 16 determinations were done on 
each individual animal. 

A second experiment was performed in order to study 
the variability of the physiologic changes in individual 
animals ill with serum sickness. It was also necessary 
to determine the optimum route of sensitization, the re¬ 
quired dose of plasma and the time relationship of any 
observed alterations to the development of humoral 
immunity. 

Accordingly, 11 animals (group 2) were injected with 
plasma. The two groups were treated in the same fash¬ 
ion except for the sensitizing injections of plasma. After 
a baseline for the individual animal had been established, 
the rabbits in group 2 received injections of plasma rang¬ 
ing from 2.2 to 5.0 ml. per kilogram of body weight. Eight 
animals received the sensitizing dose intravenously and 
three were injected subcutaneously in the intrascapular 
region. Three of the former animals received a sec¬ 
ond injection intravenously on the day following the 
initial injection. 

During the clinical peak of the disease, determinations 
of the blood volume and thiocyanate space were done on 
two successive days. All animals in group 2 were fol¬ 
lowed at least 24 days following the injection of plasma, 
unless accidental death from hemopericardium supervened. 
A minimum of seven determinations were done on each 
animal in group 2 after the baseline was established. 

In order to interpret the data critically a satisfactory 
statistical method of analysis had to be devised. It was 
necessary to determine whether groups could be com¬ 
pared or whether each individual animal must serve as 
its own control. The data from groups 1 and 2 were 
analyzed by several techniques and the results obtained 
were submitted to an impartial arbiter for criticism.^ 
A satisfactory statistical method was devised and the 
definitive experiment designed to improve the statistical 
significance of. the data obtained in the preliminary ex¬ 
periments. 

Definitive experiment: Twelve rabbits (group 3) of 
more uniform size, weighing approximately 2 kilograms 
each, were injected with human plasma. The chemical 
and immunologic techniques and experimental procedure 
as described above were followed. At least two baseline 
determinations were made every second day on each ani¬ 
mal. After the second determination, each animal was 
injected intravenously with a single dose of 3 ml. of 
plasma per kilogram of weight. Precipitin tests were 
performed daily on each rabbit, but no further fluid vol- 


*We are deeply indebted to the Institute of Statistics 
of the University of North Carolina, Raleigh, N. C., for 
critical review of the data and for suggesting the method 
subsequently used. 
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ume determinations were done until the day that a posi¬ 
tive precipitin reaction was first obtained. The measure¬ 
ments were repeated on that day, on two consecutive days 
thereafter, and at varying intervals subsequently until 
the chemical values had returned approximately to the 
baseline. 

Statistical analysis: The total blood volume, plasma 
volume, hematocrit and thiocyanate space were recorded 
in absolute values. The mean of two successive baseline 
determinations on each animal was compared with the 
mean of the two successive determinations made on tlic 
day the precipitins became positive and on the following 
day. The mean differences between the baseline values 
and those obtained after the precipitin test became posi¬ 
tive were calculated. The significance of the mean dif¬ 
ference was tested by the following formulae in which 
d^=mean difference, sj= standard error of the mean 
difference, S = summation of, n = number of animals: 



The calculated value for t was compared with tlie value 
at n — 1 degrees of freedom as obtained from standard 
tables. 

The data as obtained in absolute values were then cal¬ 
culated in terms of milliliters per kilogram of body weight 
on the day the measurement was made. The statistical 
significance was determined by the same formulae. 

In view of the fact that the experiment was planned to 
evaluate changes in a febrile illness occurring in a grow¬ 
ing animal the difference in the amount of food and wa¬ 
ter ingested by the animals unavoidably introduced vari¬ 
ables which were difficult to control. Accordingly, the 


data were re-calculated in terms of milliliters per kilo¬ 
gram of initial body weight (the day of the first base¬ 
line determination) in order to avoid consideration of 
differences in food and water intake and in order to 
permit ready comparison with the data in group 1. The 
statistical significance was then determined by the same 
method. 

It should be noted that in the definitive experiment no 
attempt was made statistically to compare the experi¬ 
mental group as a whole with the control group. Each 
animal served as its own control. 

RESULTS 

Control on methods: None of the animals in 
group 1 showed any symptoms or signs suggesting 
serum sickness. No reaction was noted in any 
rabbit to the repeated intravenous injection of dye 
and no evidence of sensitization was detected by 
skin or precipitin tests. The fatal dose of T-1824 
dye was found to be 3 mg. per kilogram of body 
weight given intravenously; death occurred within 
15 minutes. 

Moderate variations in plasma volume, thiocya¬ 
nate space and total blood volume per kilogram of 
body weight and in the hematocrit were noted 
among the different animals. In serial determina¬ 
tions on a single rabbit, however, the results were 
much more uniform. When the data obtained near 
the end of the experiment were examined, a slight 
decrease in the thiocyanate space in relation to 
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TABLE I 


Control of technical methods (group i) 





DaseUne 




Time of expected response 


Rabbit 

number 

Weight 

Thiocyanate 

jpacc 

Plasma 

volume 

Total 

blood 

volume 

1 

I Hematocrit 

Weight 

Thiocyanate 

apace 

Plasma 

volume 

Total 1 
blood ] 
volume ! 

1 

Hematocrit 


Kilo. 

ml./Kih. 

! ml./Kilo, 

mt./Ktlo. 

Vol.% 

Kilo. 

ml./KUo. 

ml./KUo. 

ml./KUo. 

Vol.% 

1 

2.30 

219.6 

•14.2 

68.8 

36.0 1 

2.39 

216.1 

49.4 i 

75.5 j 

34.5 

2 

3.04 

! 197.8 

47.0 

68.8 

31.3 

3.04 

197.0 

55.8 

87.2 

35.7 

3 

2.53 

t 210.3 

51.3 

73.5 I 

30.0 

2.78 

193.8 

49.8 

72.8 

31.5 

4 

3.27 

177.5 

43.0 

63.5 1 

33.3 

3.24 

162.5 

40.0 

62.1 

35.5 

5 

2.76 

207.7 

49.7 

77.3 i 

35.8 

2.93 

198.1 

47.9 

73.3 

34.5 

6 

2.73 

155.3 

42.7 

67.0 

36.3 

2.92 

162.2 

45.0 

62.7 

28.0 

Mean for ! 
group 

2.77 

194.7 

46.3 

69.8 

33.8 

2.88 

188.3 

48.0 

72.3 

33.3 ' 

s 

3.05 

24.00 

3.62 

4.90 

2.68 

0.29 

21.50 

5.27 

9.27 

2.99 

Si 

0.14 

4.69 

1.47 

2.00 

1.08 

0.12 

8.80 

1.02 

3.78 

1.22 


The mean of two consecutive determinations at the start of the experiment is compared with the mean of two consecu¬ 
tive determinations in the same animal six to eight days after the baseline was established. No injections of plasma 
were made. 

s = Standard deviation 
Si = Standard error of the mean 


weight was observed; this finding would be ex¬ 
pected as the animals increased in size from nor¬ 
mal growth. Figure 1 illustrates the serial values 
in a representative control rabbit. 

The mean of two consecutive baseline determina¬ 
tions is recorded in Table I and compared with the 
mean for hvo consecutive determinations done be¬ 
tween six and eight days after the second deter¬ 
mination, the time interval at which a positive pre¬ 
cipitin test would be expected were the animals 
injected with plasma. The statistical analysis is 
summarized in Table II and indicates that, in ab¬ 
solute values or in milliliters per kilogram of body 
weight on the day of the determination, no signifi¬ 
cant difference was found. This statement is true 
for plasma volume, thiocyanate space, total blood 
volume, hematocrit, and weight. 

These data have subsequently been extended in 
a series of 45 animals in conjunction with other 
studies on normal values in rabbits (7). 

General observations: Clinical serum sickness, 
manifested by erythema, edema, or both at the 
base of the ears, generalized subcutaneous edema 
and hyperirritability developed in 10 of the 11 
animals in group 2, and in 11 of the 12 animals 
in group 3. Clinical signs usually began on the 
fifth or sixth day following the initial injection of 
plasma and usually lasted two or three days. The 
edema was most striking in the skin over the ab¬ 


domen, but was not evident unless the fur had been 
clipped; the skin appeared pale and felt soggy, hot, 
and moist. Fever (rectal temperature over 40 C.) 
was not a constant feature of clinical serum sick¬ 
ness, The clinical severity of serum sickness bore 
no relation to the size of the sensitizing dose. Mul¬ 
tiple injections produced no more severe reactions 
than did single injections. The subcutaneous route 
of sensitization was as effective as the intravenous 
route, but variations in absorption could not be de¬ 
tected or controlled. 

TABLE n 


Statistical significance of controls on methods (group 1) 



Weight 

Thio¬ 

cyanate 

epace 

! 

Plasma 

volume 

Total 

blood 

volume 

Hemato¬ 

crit 


Kilo. 

ml. 

mU 

thU 

Vol.% 

d 

-f-.ll 

-f-4.33 

-flO.OO 

-f-15.33 

+.S0 

Sd 

.05 

13,60 

5.30 

9.35 

1.81 

t 

2.20 

,32 

1.89 

1.64 

.28 

a 

Sd 1 
t 


ml./Kilo. 

-6.42 

3.67 

1.75 

,ml./KUo. 
+ 1.67 
1.90 
.88 1 

ml./KUo. 

-{-2.45 

3.58 

.68 



No significant difference is noted between the baseline 
values and those obtained at the time of the expected 
response. The data are calculated in absolute values and 
in terms of weight on the day of the deteiraination. The 
value of t was not considered significant if P was greater 
than .01. 
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Preliminary experiments: The alterations in 
plasma volume, thiocyanate space, total blood vol¬ 
ume, and hematocrit which were observed in a 
representative rabbit sensitized with human plasma 
are illustrated in Figure 2. The changes in fluid 
distribution bore no direct relationship to the sen¬ 
sitizing dose of plasma, but-paralleled the clinical 
severity of the disease. 

In 10 of the 11 animals in group 2 increases in 
the thiocyanate space developed at some time dur¬ 
ing the period of observation. In eight animals 
two rises occurred, the first usually between the 
third and sixth days, and the second between the 
11th and 20th days. The first rise usually coin¬ 
cided with the onset of the clinical manifestations; 
the second was usually marked by an increase in 
the subcutaneous edema. The changes in the thio¬ 
cyanate space usually paralleled the weight changes, 


especially with the second reaction. Certain dis¬ 
crepancies were noted, however. 

The most profound drop in plasma volume was 
noted in those animals which developed the severest 
clinical signs of serum sickness and the greatest 
and most prolonged increases in thiocyanate space. 
In seven animals there was no significant decrease 
in plasma volume, however. 

In the four animals which showed a definite 
drop in plasma volume an appreciable decrease 
in the total blood volume also occurred. In four 
animals no changes in the total blood volume oc¬ 
curred during the experimental period. 

In all the animals with severe early clinical 
manifestations of serum sickness a drop in hemato¬ 
crit was associated with a rise in thiocyanate space 
and a decrease in plasma volume. In six animals 
no striking variations in the hematocrit occurred 


SERUM SICKNESS IN RABBIT 
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Fig. 2, Fluid Spaces in a Rabbit (Group 2) Given an Intravenous 
Injection of Human Plasma 

Note the increase in thiocyanate space, which is out of proportion to the 
slight increase in weight, on the 11th day and the associated decrease in the 
plasma and total blood volume. On the following day, there was a marked 
decrease in the thiocyanate space, which was out of proportion to the de¬ 
crease in weight. All the thiocyanate values from the 11th to the 21st day 
were elevated. After the 21st day, the variations in the thiocyanate space 
paralleled the weight changes and were not significant. 

In the statistical calculations in the definitive experiment (group 3), TaWes 
III and IV, two baseline values, two values obtained at the time precipitins 
appeared, and two values obtained at the termination of the experiment were 
used. 
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TABLE in 


AUtralions in fluid spaces in rabbits ill with serum sickness after an injection of human plasma {group 3) 



BoicUne 

Response* 

Rabbit 

number 

Weight 

Thio* 

cyanate 

ipace 

Plaama 

volume 

Total 

blood 

volume 

HematO' 

ait 

Weight 

Thio¬ 

cyanate 

space 

Plasma 

volume 

Total 

blood 

volume 

Hemato¬ 

crit 


Ktio. 

ml./KiUi, 


ml./Kila. 

VoL% 

Kilo. 

ml./Kito. 

mt./Kito. 

ml,/Kilo. 

Vol. % 

18 

2.10 

228.5 

46.0 

75.5 

39.0 

2.10 

322.5 

48.0 

74.0 

35.0 

19 

2.14 

235.5 

48.5 

80.0 

40.0 

2.14 

242.5 

47.0 

75.5 

37.5 

20 

1.99 

246.5 

48.5 

79.5 

39.0 

2.14 

282.5 

39.5 

61.5 

35.7 

21 

1.87 

245.5 

45.0 

75.5 

40.5 

1.86 

296.0 

39.0 

62.5 

37.5 

22 

1.74 

289.5 

48.5 

78.5 

37.5 

1.96 

273.0 

44.0 

68.5 

35.2 

23 

1.87 

266.0 

45.5 

74.0 

38.5 

2.04 

313.5 

40.0 

62.0 

36.0 

24 

1.76 

229.5 

50.0 

80.0 

37.0 

2.05 

281.5 

35.0 

54.5 

36.0 

25 

2.10 

212.5 

51.0 

84.0 

39.5 

2.30 

265.0 

39.0 

62.0 

36.7 

26 

2.22 

183.0 

54.0 

88.5 

39.0 

2.24 

225.5 

40.5 

62.5 

35.7 

27 

1.76 

215.0 

63.0 

108.0 

42.0 

1.93 

280.0 

47.0 

78.0 

40.0 

28 

1.96 

202.5 

52.0 

85.5 

39.5 

2.07 

307.5 

40.5 

63.5 

36.0 

29 

1.85 

220.5 

54.0 

92.0 

41.0 

1.90 

311.0 

48.5 

78.0 

38.5 

Mean for 

1.95 

231.2 

SO.S 

83.4 

39.4 

2.06 

283.4 

42.3 

66.9 

36.7 

group 











s 

0.17 

28.60 

4.95 

9.47 

1.38 

0.13 

28.00 

4.40 

8.44 

1.48 

Si 

0.05 

8.21 

1.45 

2.73 

0.40 

0.04 

8.42 

1.27 

2.54 

0.42 


* The mean o[ two consecutive determinations at the start of the experiment is compared with the mean of two con¬ 
secutive determinations in the same rabbit done on the day precipitins to human plasma appeared and on the next day. 
s “ Standard deviation 
Si =* Standard error of the mean 


with the initial increase in thiocyanate space. 
None of the animals revealed a decrease in hemato- 

TABLE IV 


Statistical significance of alterations in fluid spaces in 
rabbits ill with serum sickness {group 3) 



Weight 

Thio¬ 

cyanate 

space 

Plasma 

volume 

Total 

blood 

volume 

Hemato¬ 

crit 


Kilo. 

ml. 

ml. 

ml. 

Vol.% 

d 

+ .11 

+ 126.00 

-11.08 

-24.67 

-2.73 

Sd 

.03 

21.40 

2.81 

4.57 

.23 

t 

3.70 

5.89 

3.94 

5.40 

11.87 



ml./Kilo.* 

ml./Kilo. 

ml./Kilo. 


d 


+51.30 

-8.50 

-16.50 


Sd 1 


9.85 

1.49 

2.60 


t 


5.21 

5.70 

6.35 




ml./Kilo.t 

ml./Kilo. 

ml./Kilo. 


d 


+74.16 

-6.25 

-12.25 


S3 


9.98 

1.23 

2.35 


t 


7.43 

5.08 

5.21 



* Calculated in terms of weight on the day of deter¬ 
mination. 

t Calculated in terms of weight on the day of the first 
baseline. 

/The data all show statistically significant differences 
between the baseline values and those obtained at the 
time of the humoral antibody response. The value of t 
was considered significant if P was <.0I. 


crit in association with the second rise in thiocya¬ 
nate space. 

In all 11 animals positive precipitin tests to hu¬ 
man plasma developed between the third and the 
I2th days following the initial injection of plasma. 
In eight animals the thiocyanate space decreased 
and the clinical symptoms and signs subsided as 
the precipitin tests became positive. In all ani¬ 
mals except one the precipitin tests remained 
positive throughout the period of observation. In 
this animal, which was followed longer than the 
others, the precipitin test was negative after the 
28th day. 

Definitive experintesit: The alterations in plasma 
volume, thiocyanate space, total blood volume, 
hematocrit and body weight are summarized in 
Table III. 

The statistical analyses are summarized in 
Table IV. 

A statistically significant increase in thiocyanate 
space was noted in each animal at the time the 
humoral antibody was first detected. In all in¬ 
stances a return to baseline values had occurred 
by the 20th day after injection of the sensitizing 
dose. A significant increase in body weight oc- 
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curred during the period of alteration in thiocya¬ 
nate space. The body weight continued to increase 
from normal growth after the animal recovered 
from serum disease. 

In contrast to the increase in thiocyanate space 
and weight, a statistically significant decrease in 
plasma volume, total blood volume and hematocrit 
occurred in all animals. 

All of the data are statistically significant, 
whether the calculations are based on the compari¬ 
son of i) absolute values; 2) values based on 
milliliters per kilogram of weight on the day of the 
determination; or 3) values based on milliliters 
per kilogram of weight on the day of the first 
baseline measurement. 

In order to determine whether these changes 
were reversible, the mean of two consecutive de- 
, terminations at the termination of the experi¬ 
ment was compared with the mean baseline values 
in each animal. The mean differences for the body 
weight, plasma volume, total blood volume, and 
the thiocyanate space were not significant. The 
decrease in the hematocrit at this time was signifi¬ 
cant. These data are not included in the tables. 

In all 12 animals positive precipitin tests to hu¬ 
man plasma developed between the fourth to the 
eighth day after injection. The distribution was 
as follows: 


Onset of positive precipitin tests 


Days after injection 

4 

S 

6 

7 

8 

Number of rabbits 

2 

1 

2 

1 

4 

3 


DISCUSSION 

The experiments indicate that immune reactions 
may be associated with alterations in the blood 
volume and the fluid space which is available for 
the diffusion of thiocyanate ion. The maximum 
alterations in rabbits sensitized with pooled hu¬ 
man plasma occurred at the time circulating hu¬ 
moral antibodies (precipitins) appeared in the 
serum. This finding correlates well with the pre¬ 
vious clinical observation that the symptoms of 
serum sickness begin to disappear with the ap¬ 
pearance of precipitins (3). 

The greatest change was observed in the thio¬ 
cyanate space. Alterations in the plasma volume 


and the hematocrit were less pronounced in mag¬ 
nitude and were more transient, lasting only one 
to three days as compared with the changes in 
thiocyanate space which occasionally persisted into 
the second week. The weight of the animals tended 
to increase with the increase in thiocyanate space, 
though the changes could not always be correlated 
closely. Apparently the normal distribution of 
fluid in the body was altered as the result of an 
increase in permeability of memliranes which was 
completely reversible. 

Methods: The chemical methods were reliable 
since the results in the control animals (group 1) 
were consistently reproducible. The possibility 
that the dye might act as an antigen, producing se¬ 
rum sickness, or as a haptene, forming a new com¬ 
pound which might induce an auto-antibody re¬ 
sponse, was ruled out by the preliminary experi¬ 
ments. 

The variability between individual animals in 
the experimental group (group 3) was controlled 
by determining baseline values on each rabbit and 
comparing these values with the response in the 
same animal for the statistical analysis. The ef¬ 
fect of growth and of variations in food and water 
intake was apparently of little significance in this 
experiment, since the data were found to be statisti¬ 
cally significant whether calculated in terms of ab¬ 
solute values or in relation to weight at the time 
of the first baseline determination or on the day 
of the immunologic and clinical response. 

Though whole plasma is a complex of many pro¬ 
tein fractions, each of which might induce its own 
slightly different immunologic response, it was felt 
that a mixed antigen might more closely simulate a 
natural infection in which multiple antigens are 
liberated by the infecting organism. Anatomic 
studies have indicated that the body responds at 
different times after the injection of albumin or 
globulin fractions derived from the same plasma 
(5). The two peaks in the thiocyanate space ob¬ 
served in the preliminary experiments may be due 
to this difference. 

Permeability of membranes: The present experi¬ 
ment offers a logical explanation for the-phenome- 
non of retention of salt and water; if the perme¬ 
ability of membranes to ions is increased, these 
ions could diffuse from blood into interstitial spaces 
and from interstitial fluid spaces into cells. The 
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resultant hypochloreniia would decrease the renal 
excretion of salt and water. The administration 
of saline would increase the edema, until restora¬ 
tion of the integrity of membranes corrected the al¬ 
terations in the internal environment. It is not 
clear whether the physiologic alteration is con¬ 
fined solely to vascular walls, as pathologic experi¬ 
ments might suggest, or whether cellular mem¬ 
branes are also affected. Von Pirquet suggested 
that the edema was interstitial, but the data in the 
present experiments may indicate that some of the 
change occurs within cells (8). 

Capillary permeability: The alterations in the 
vascular tree can be visualized as a series of pores 
in the capillary wall whose size is related to the 
clinical severity of the disease. In mild instances 
of the disease water and ions which normally 
traverse the membrane would leave the blood more 
readily. Larger molecules such as protein would 
be lost in more severe instances and red blood 
cells would pass out of the vascular tree only in 
the most severe reactions. Petechial hemorrhages 
in organs have been recognized for years as a 
manifestation of anaphylactic reactions. 

The loss of water and ions from the vascular 
tree into tissues is compatible with the observations 
on retention of water, sodium and chloride during 
pneumonia and serum disease (1, 2). The perme¬ 
ability of the vascular tree to some colloids must 
have been increased because the decrease in plasma 
volume was concomitant with the increase in thio¬ 
cyanate space. The colloids lost from the circula¬ 
tion to the interstitial spaces would tend to retain 
water extravascularly until they had been reab¬ 
sorbed, presumably through the lymphatics, 
broken down in the tissues, or until other homeo¬ 
static mechanisms had been operative. 

It is probable that the amount of protein lost 
from the vascular tree during serum disease is 
not great. The dye is known to be bound to al¬ 
bumin, one of the smaller protein molecules of the 
blood. Any great loss of albumin into interstitial 
spaces would reduce the amount of circulating dye 
and hence lead to a larger value for plasma volume 
by the chemical method; a loss in blood volume 
of any magnitude would thus be obscured. If pro¬ 
tein was lost from the vascular tree, the defect was 
detected only %vith the first rise in thiocyanate 
space and was transient. 


The drop in hematocrit though slight may indi¬ 
cate a loss of red blood cells from the vascular' 
compartment. The drop was apparently not due 
to repeated bleeding since the hematocrit remained 
constant in group 1 in which more determinations , 
were done in the same interval of time. No 
jaundice was noted clinically and the serum was 
never icteric, hence it seems unlikely that the red 
cells were hemolyzed. It is possible that the red 
cells were reduced in size or that they were pooled 
in some portion of the vascular tree which was not 
measured by the techniques used. 

Cellular permeability: It is not known whether 
the thiocyanate ion normally diffuses into cells 
or not. The increase in thiocyanate space there¬ 
fore could be due to I) interstitial edema, 2) in¬ 
crease in permeability of cells to the thiocyanate 
ion, 3) destruction of tissue cells with liberation of 
cellular water, or 4) dehydration of cells with a 
shift of intracellular fluid into the interstitial spaces. 
The fact that some animals showed a sudden in¬ 
crease in thiocyanate space without an increase in 
body weight would favor the thesis that some re¬ 
distribution of fluid had occurred whether or not 
additional fluid ingested in food or water was 
retained. The hypothesis that tissue cells were 
destroyed, liberating additional water and making 
it available for dilution of thiocyanate ion, does 
not seem likely. The rapidity of the increase in the 
thiocyanate space and its reversibility makes this 
explanation appear highly improbable. Such a 
sudden increase in thiocyanate space without an 
increase in body weight would have to mean that 
the associated tissue destruction exceeded the 
amount of interstitial edema. Furthermore, pre¬ 
liminary nitrogen balance studies in other rabbits 
have disclosed no marked increase in the excre¬ 
tion of urinary nitrogen, and presumably in cell 
destruction, during clinical serum sickness. 

Mechanisms: It is not known whether the anti¬ 
gen in serum disease attaches solely to the vascular 
wall or to tissue cells outside the vascular system 
as well. As far as the effect on the circulation 
is concerned, it would be immaterial whether the 
loss of substances from the vascular tree is at¬ 
tributable to an abnormal passage of fluid be¬ 
tween the endothelial cells, as would occur if the 
permeability of the intercellular cement substance 
were decreased, or whether the permeability of the 
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cells themselves is abnormally increased, so that 
the fluids pass through the cells into the interstitial 
spaces. - 

The participation of cells in immune reactions is 
recognized clinically in allergic states; the deleteri¬ 
ous antigen-antibody reaction is assumed to occur 
on the cell surface or perhaps within the cell. It 
has been postulated that histamine or some similar 
substance is released during the interaction of 
antigens with antibodies. Plistamine will alter 
the local permeability of capillary walls. The 
liberation at the cell wall of some substance which 
would increase the permeability of the cell mem¬ 
brane would enhance the transmission of mole¬ 
cules, including the thiocyanate ion, across the 
surface. Such a hypothesis is of more than aca¬ 
demic interest, since it is known that intracellular 
enzyme systems are affected by the extent of hydra¬ 
tion of cells and by the concentration of ions. An 
increased cellular content of ions could be proved 
by isotopic techniques which could measure not 
only the diffusion of labelled thiocyanate but the 
relative movement of radioactive sodium, potas¬ 
sium, and chloride ions across cell membranes. 

Relation to infections: The present findings indi¬ 
cate that the physiologic alterations which may re¬ 
sult from antigen-antibody reactions are more pro¬ 
found than has been recognized in the past. The 
physiologic changes deserve more attention in the 
therapy of infectious diseases. In infections, the 
invading micro-organisms multiply within the host 
and release or secrete multiple antigens. With 
organisms known to locate intracellularly during 
some phase of the disease, as is true with the 
viruses and rickettsias, antigens are produced 
within the cell. Those antigens which could 
readily diffuse out would produce predominantly 
humoral antigen-antibody reactions; those anti¬ 
gens which would be retained within cells would 
be more likely to induce intracellular antigen-anti- 
body reactions and hence increase the extent of 
the permeability of cellular walls. A most pro¬ 
found alteration in functions of the body could 
thus be produced. The possible application of 
antihistaminic drugs or adrenal cortical hormones 
to therapy of infections with an allergic element in 
the host response is based on such alterations in 
function. 


SUIUMARY 

1. Rabbits sensitized by the intravenous injec¬ 
tion of pooled human plasma developed clinical 
edema with significant increases in weight and in 
the fluid space available for dilution of thiocya¬ 
nate ions. 

2. Significant decreases in the plasma volume, 
total blood volume and hematocrit were observed 
transiently during the most marked alteration of 
thiocyanate space. 

3. The changes were interpreted as indicating 
an increase in permeability of the vascular tree, 
probably in the capillary wall, so that crystalloids, 
colloids, and red blood cells are progressively lost 
from the circulation as the magnitude of the defect 
increases with increase in the clinical severity of 
the disease. 

4. Occasional discrepancies observed between 
the changes in thiocyanate space and in weight 
suggest that cellular permeability is probably also 
increased to water and ions. 

5. The physiologic changes occurred at the 
time humoral antibodies (precipitins) appeared, 
suggesting that the alterations may have been due 
directly or indirectly to an antigen-antibody 
reaction. 
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It is now well known that disturbances in the 
electrolyte patterns of the intracellular fluid, as 
well as in those of the extracellular fluid, may play 
a significant role in many disease states. DarroW 
and associates (1) have shown in experimental 
animals that one pattern of associated abnormali¬ 
ties in the two fluid pViases involves intxaceWniat 
potassium deficit plus sodium excess and extra¬ 
cellular bicarbonate excess plus deficit of chloride. 
Since then evidence of this relationship has been 
found in a variety of clinical conditions including 
congenital alkalosis, vomiting, the postoperative 
state, and syndromes of hyperadrenocortical func¬ 
tion such as Cushing’s disease and ACTH adminis¬ 
tration. This evidence has been obtained by utili¬ 
zation of the balance technic during replacement 
therapy (2-8), by study of the distribution of 
radioactive sodium (9), and by tissue analyses of 
skeletal muscle (10) and of erythrocytes (9, 11). 
These observations have suggested that both low 
potassium intake and hyperadrenocortical function 
are implicated in the etiology of this disturbance. 
In addition to these two etiological factors a third 
has been postulated, namely, impaired renal con¬ 
servation of the potassium ion (12). 

The purpose of the present study is to examine, 
in a group of patients with metabolic alkalosis and 
hypokaliemia, 1) the direction and magnitude of 
intracellular electrolyte abnormalities as revealed 
by the balance technic, 2) the relation of these ab¬ 
normalities to the extracellular hypochloremia and 
elevation of bicarbonate, and 3) the relative etio- 

^ This work was done in the Chemical and Renal Sec¬ 
tions of the Department of Medicine and in the William 
Pepper Laboratory; the help of the laboratory staffs and 
of the clinical staff of the Hospital is gratefully acknowl¬ 
edged. Laboratory facilities were aided by grants from 
the National Heart Institute, U.S.P.H.S., and by the 
C. Mahlon Kline Fund of the Department of Medicine. 

^ Established Investigator of the American Heart As¬ 
sociation. 

* Fellow of the Department of Medicine. 

* Woodward Fellow. 


logical roles of gastrointestinal fluid loss, low po¬ 
tassium intake, intrinsic renal dysfunction, and 
abnormal adrenocortical activity. 

EXPERIMENTAL MATERIAL AND METHODS ® 

Ten patients were studied by the balance technic, eight 
oi whom were ioflowed during fluid replacement therapy 
and correction of the alkalosis. The diagnoses of these 
ten patients and their pertinent clinical conditions are 
listed in Table I. 

Fluids and food of known composition were adminis¬ 
tered intravenously or orally. All excreta were collected 
and analysed with the exception of formed stools which 
usually contain insignificant amounts of electrolytes when 
no salts have been administered by mouth. Sodium and 
potassium were determined in serum, urine, and nitric 
acid digests of stools and foods by means of a Barclay 
internal standard flame photometer according to the 
methods of Wallace, Holliday, Cushman and Elkinton 
(13). Chloride was determined in serum by the method 
of Eisenman (14), in urine by the Volhard-Harvey 
method (15) ; nitrogen was determined by micro- or 
macro-Kjeldahl. Total CO 2 content of serum and blood 
was measured by the method of Van Slyke and Stadie 

(16) , and pH determinations were made with the glass 
electrode or colorimetrically. Creatinine in urine was de¬ 
termined according to the method of Brod and Sirota 

(17) and in serum according to the method of Bonsnes 
and Taussky (18). Inulin determinations in serum and 
urine were made according to the method of Harrison 
(19) ; spaces and clearances being determined according 

to the formulae, and respectively. The 

method for the determination of urinary 17-ketosteroids 
was modified from that of Holtorff and Koch (20).® 

The derived data were calculated according to previous 
methods (21). The fundamental assumption involved 
is the equating of the extracellular fluid with the chloride 
space; this assumption is discussed below. The change 
in chloride space is calculated from the change in con¬ 
centration of chloride in serum (corrected for serum wa¬ 
ter and the Donnan equilibrium), the balance of chloride, 
and an assumed initial or final volume for the chloride 

® The laboratory assistance of Mrs. Helen Lightman 
and Mrs. Claire Tissari is especially acknowledged. 

®The determinations of urinary 17-ketosteroids were 
done in the Endocrine Laboratory under the direction of 
Dr. F. Curtis Dohan. 
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TADLE II 

External exchanges of water, electrolytes and nitrogen 
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space. The inulin space was determined in two patients 
at the end o£ the period of study, but for reasons outlined 
in die Discussicn were not used in the calculation of 
change in chloride space. From the values obtained for 
the volume of e,\tracellular fluid and from the externa! 
balances of sodium and potassium, the exchanges of these 
two ions between die extra- and intracellular phases of 
the total body fluids are calculated. The results of this 
latter calculation arc little affected by considerable varia¬ 
tion in die volume of extracellular fluid as originally as¬ 
sumed or measured. 

RESULTS 

The results are presented in Tables I to IV, and 
in Figure 1. The clinical diagnoses of the patients 
studied are shown in Table I. 

Intracellular cation exchanges. In all but one 
(H. H.) of the ten patients potassium was re¬ 
tained when administered (Table II). In those 
patients in whom it was possible to make the cal¬ 
culation, the retained potassium entered the intra¬ 
cellular phase in excess of nitrogen, in amounts 
up to 15.6 m.eq. per kilogram of body weight 
(Table III). During treatment, in seven out of 
ten patients, the balance of chloride was markedly 
positive in relation to that of sodium (Table II). 
On the assumption that chloride exchanges were 


extracellular, it is calculated that large amounts 
of sodium left the intracellular phase in these 
patients (Table III). In some of the patients 
(W. L., N. D,, and M. F.) the increment of po¬ 
tassium and the decrement of sodium were of simi¬ 
lar magnitude; in others, more sodium was lost 
from the cells than potassium was gained (Table 
III). Only two patients were not shown to lose 
intracellular sodium during treatment, and in one 
of these, A. J., the sodium exchanges were not 
measured. 

Relation of intracellular cation exchanges to 
extracellular hypochloremia and bicarbonate ele¬ 
vation. In all the cases except J. C. the elevated 
bicarbonate concentration in serum was associated 
with a lowered chloride concentration; and in all 
the cases during treatment the latter rose as the 
former fell (Table III). The high levels of bi¬ 
carbonate were not associated with any marked de¬ 
gree of hypernatremia; during treatment in all 
cases except M. F. the extracellular sodium con¬ 
centration remained unchanged or rose. During 
correction of this hypochloremic alkalosis in eight 
of ten cases reported the associated intracellular 
cation exchanges were as follows. In four cases 


TABLE IV 


Relation of observed chloride exchanges to increments of chloride calculated as necessary to reduce serum COj 
concentration to 31 m.eq. per 1. {During early periods before response of alkalosis to therapy) 


a 

Patient 

Period 

Scrum 

Chloride 

COi 

Cl 

Given 

Retained 

Excreted in 
urine 

Increment to 
lower CO»* 


days 

m.eq., per 1, 

m.eq, per 1. 

m.eq. 

m.eq. 

m.eq. 

m.eq. 

W. L. 

0 

45.0 

79 






2 

40.1 

88 

247 

200 

45 

66 

H. H. 

0 

44.6 

78 






2 

36.9 

89 

948 

t 

547 

13 

77 

M. F. 

0 

40.0 

88 






2 

45.0 

82 

82 

16 

5 

97 

N. D. 

0 

38.6 

93 






3 

38.7 

98 

603 

225 

374 

67 

W. H. 

0 

52.8 

62 






3 

40.1 

95 

165 

96 

72 

12 

A. J. 

0 

38.3 

89 






1 

41.4 

88 

348 

179 

142 

124 

J. C. 

0 

31.0 

105 






3 

32.9 

102 

170 

-146 

307 

27 


* Calculated from the formula, EjX([!COj]a»—31), where Ei=extracellular volume at end of the period as derived 
from an assumed value and the balance of chloride, in liters; CCOsIs*™ concentration of bicarbonate in serum at end of 
period in m.eq. per 1. 
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(W. L., N. D., W. H., and M, F.) to whom potas- of the uptake of intracellular potassium from the 
slum was administered from the start of therapy, correction of the elevated bicarbonate concentration 
intracellular potassium increased and intracellular and its frequent association with the extrusion of 
sodium decreased as the bicarbonate concentration intracellular sodium, as shown in three different 
fell. In three others (A. K., H. H., J. C.) to whom cases, is illustrated in Figure 1 . 

NH 4 CI was administered first, the bicarbonate Etiology. The etiological factors responsible for 
concentration fell to normal levels and sodium was these electrolyte abnormalities are less readily 
extruded from the intracellular phase in the ab- analysed since in nine of the ten cases no observa- 
sence of any significant uptake of potassium. In tions were made during the development of the 
two of these three cases (A. K. and J. C.) “excess” alkalosis. A rough etiological classification of 
cellular potassium was subsequently taken up when the cases has been attempted in Table I. (a) Low- 
the ion was administered; in the third, H. H., po- K intake: Two cases (Group I) gave a history of 
tassium was not retained when given. In the a low-K intake without any concomitant gastro- 
eighth case, F. G., the fall in bicarbonate concen- intestinal fluid loss. Both of these cases showed 
tration occurred in conjunction with a rise in intra- a maximal renal response for conserving potas- 
cellular sodium followed by a rise in intracellular slum at the time the studies were initiated (see be- 
potassium. The dissociation in some of the cases low), and neither case showed any evidence of in- 


Serum cone.-. 
COj 

A-A 

<nM p«r I. 

K 

o—— o 
mtq ptr I. 





W. L. 




D«T «f ««»<? 


Fig. 1. Relation of Changes in Serum Levels of Carbon Dioxide and Potassium to Cumula¬ 
tive Changes in Intracellular Cations, during Treatment of Metabolic Alkalosis ; Three Types 
OF Response 

In Patient W. L. intracellular potassium increased and sodium decreased simultaneously with the return 
of serum COj and K to normal levels. In Patient A. K. during administration of NH*CI the serum COi 
level returned to normal coincidently with a loss of cellular sodium and prior to an increase^ in intracel¬ 
lular potassium. In Patient H. H. the serum CO* level returned to normal in association with a loss of 
intracellular sodium and without any significant subsequent uptake of cellular potassium. 
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creased adrenocortical activity, (b) Gasirointes- 
timl fluid loss: Six cases (Group II) were known 
to have extensive losses of gastrointestinal fluid 
containing potassium in addition to giving a history 
suggestive of a low-K intake. Since, with the ex¬ 
ception of A. K., the gastrointestinal fluid lost in¬ 
cluded gastric fluid, probably greater amounts of 
chloride were removed than of sodium, (c) 
Adrenocortical hyperfunction: In Group III are 
listed two cases in which this factor apparently 
played a major etiological role. In M. F. the ad¬ 
ministration of large doses of ACTH, in conjunc¬ 
tion with a low intake of potassium, immediately 
preceded the onset of prostration associated with 
a severe alkalosis and hypokaliemia. This patient 
had been shown during-a previous course of ACTH 
to have an adrenocortical response as evidenced by 
a fall in circulating eosinophils, a rise in 17-keto- 
steroid excretion, and retention of sodium (22). 
In the other case, J. C., who had a typical adreno¬ 
genital syndrome due to carcinoma of the adrenal 
cortex, hyperfunction of the gland was the only 
factor that could be adduced to account for the mild 
alkalosis and hypokaliemia found. In none of the 
other cases was there unequivocal evidence of 
adrenocortical hyperfunction occurring as an etio¬ 
logical factor although thorough and systematic 
studies of this aspect of the problem were not 
undertaken. In five of the other eight cases the 
excretion rate of 17-ketosteroids was determined 
and was found to be normal or low (Table I). A 
negative nitrogen balance which might indicate 
adrenogenital hyperfunction was found in three 
of these cases during treatment. Of these A. K. 
had an extensive loss of nitrogen from the bowel, 
N. D. was thyrotoxic, and H. H. was in the im¬ 
mediate postoperative period. It is therefore diffi¬ 
cult to use this observation as evidence of primary 
adrenocortical hyperfunction. (d) Renal dys- 
junction: kidney function was not systematically 
studied in this series of cases. Certain observations 
in some of the cases, however, are worthy of note 
(Table I). Five cases did not have azotemia; two 
of these, W. L. and F. G., were patients who ap¬ 
parently developed the alkalosis and potassium de¬ 
ficiency as the result of a low-K intake alone. 
During the first few days of study at the height of 
the alkalosis both of these patients excreted such 
extremely small amounts of potassium that the 
U/P ratio was less than 1.0. Conservation of po¬ 


tassium, therefore, was maximal at that time, de¬ 
spite the evidence from clearances of creatinine 
and inulin that glomerular filtration was impaired. 

DISCUSSION 

The observations made in this study confirm 
the hypothesis that extensive disturbances of-intra¬ 
cellular electrolyte exchanges usually occur in 
states of metabolic alkalosis. Intracellular deficit 
of potassium, as measured by uptake of the ion 
during treatment, was certainly present in most of 
the cases. In Patient W. L. the deficit meas¬ 
ured in this way reached a maximum of 15,6 m.eq. 
per kilogram of body weight, and is of the same 
magnitude as the largest deficits reported in in¬ 
fant diarrhea (23) or diabetic acidosis (24), If 
it is assumed that all of this potassium came from 
skeletal muscle and that this tissue constitutes 40 
per cent of the body weight, the deficiency would 
be equivalent to 39 m. eq. per kilogram of wet 
muscle and would approximate 40 to 50 per cent 
of the potassium in the intracellular phase. Such 
a deficit is quite comparable to those produced ex¬ 
perimentally in rats by Darrow (1) and exceeds 
those found in muscle biopsies taken from clinical 
cases by Mudge and Vislocky (10), 

The demonstration of an excess of sodium in the 
intracellular phase is less certain. As calculated 
on the basis of the assumption that the chloride ex¬ 
changes were entirely extracellular, the intracellu¬ 
lar sodium exchange during treatment was nega¬ 
tive in all but one of the nine cases in which it was 
measured. In four of the cases the size of the 
decrement of cellular sodium was sufficiently dose 
to that of the increment of potassium to suggest 
that the former cation was being substituted for 
by the latter. In the other four cases the loss of 
cellular sodium so far exceeded the uptake of po¬ 
tassium as to obviate any such relationship. The 
validity of the assumption, however, on which these 
exchanges of intracellular sodium are calculated, 
must be questioned. Certainly in most of the cases 
during treatment the external balance of chloride 
was much greater in the positive direction than that 
of sodium. These balances are observed, not de¬ 
rived, data, and would not be invalidated by any 
unmeasured loss of salt in sweat in which chloride 
and sodium are present in approximately equal 
concentrations. The differential secretion of Q 
into gastric fluid which was not lost from the body 
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and therefore not included in the measured bal¬ 
ance, conceivably might be another source of er¬ 
ror. The magnitude of the discrepancies between 
Cl and Na renders this explanation improbable; it 
is unlikely that, during the course of study in some 
of the patients, 5 or 6 1 . of unreabsorbed gastric 
juice accumulated undetected. The difference be¬ 
tween the external balances of these two ions would 
appear to require some other explanation. An al¬ 
ternative to the interpretation that these disparate 
balances represented loss of sodium from the cells 
is that chloride entered the intracellular phase. 
Physiological evidence for such a phenomenon is 
not lacking. Conway’s (25) theory calls for a 
small amount of intracellular chloride to balance 
the extracellular potassium, and Dean (26), Wilde 
(27), and Burch and co-workers (28) have pre¬ 
sented evidence that under certain circumstances 
chloride may enter the cells of tissues other than 
gastric mucosa, testes, and ovaries where chloride 
is a normal intracellular constituent. Evidence in 
support of the entry of chloride into cells was found 
in three of the cases reported here, W. PI., W. L., 
and A. K. In the infant. Patient W, H., during 
therapy the chloride space expanded to a volume 
equivalent to approximately SO per cent of the 
body weight which is unexpectedly large for a 
non-edematous subject even in childhood. A 
similar finding has been described during treat¬ 
ment of vomiting infants by Danowski and his 
associates (4), who were unable to attribute it to 
error in measurement of the chloride balance. In 
Patients W. L. and A. K. an inulin volume of dis¬ 
tribution was determined at the end of replace¬ 
ment therapy. When this volume of distribution 
was taken as the final volume of extracellular fluid 
and, from it, and from the chloride balance, the ini¬ 
tial volume of extracellular fluid was calculated, the 
latter was found to be less than 1 I. Since such a 
value is absurd, the conclusion is that either the 
measurement of the volume of distribution of inu¬ 
lin was in error, or that chloride entered cells. 
A definitive answer to this problem requires the 
accurate measurement of the extracellular fluid 
volume by some independent means, such as inulin, 
both before and after treatment, so that the intra¬ 
cellular transfer of chloride, if any, can be measured 
directly. Unfortunately, an opportunity to do this 
in the present study was not available. The pos¬ 
sibility remains, therefore, that chloride entered 


the intracellular phase during treatment in these 
cases. But again because of the magnitude of the 
transfers involved, it seems most unlikely that this 
did occur to such an extent as to preclude the ex¬ 
trusion of sodium. 

Certain conclusions can be drawn in regard to 
the relationship of these intracellular electrolyte 
abnormalities to the extracellular hypochloremia 
and alkalosis. The production of intracellular po¬ 
tassium deficiency and of probable sodium excess 
by prolonged absence of potassium intake, appeared 
to result in hypochloremia and elevation of the 
extracellular bicarbonate concentration. This sug¬ 
gests that under conditions of biological equilib¬ 
rium or the steady state of adequate renal adjust¬ 
ment, as predicted by Darrow (1), these intra¬ 
cellular disturbances are associated with a dimin¬ 
ished tubular reabsorption of chloride despite the 
presence of hypochloremia. Such a concept re¬ 
ceives further support from an analysis of the 
renal response to chloride administration in some 
of these cases, as presented in Table IV, In three 
of the cases tabulated, the extracellular fluid vol¬ 
ume was expanding to such an extent that the ad¬ 
ministered chloride was insuflicient to raise the ex¬ 
tracellular concentration even if the kidneys had 
been able to conserve it, i.e., the kidneys excreted 
less chloride then the increment calculated as nec¬ 
essary to displace the bicarbonate to normal levels. 
In other words, in these cases, the kidneys had no 
chance to show conditioning by another factor and 
the data cannot be used to imply that the circum¬ 
stances required a maintenance of hypochloremia 
and alkalosis in the presence of chloride adminis¬ 
tration. In the other four cases of alkalosis, three 
of whom had hypochloremia (N. D,, W. H., A. J.. 
and J. C.), during the initial days of study chloride 
was excreted by the kidney in amounts sufficient 
to have displaced the high bicarbonate had the 
chloride been conserved. Thus the failure to ad¬ 
just the abnormal concentrations in the latter cases 
was not due to unavailability of chloride when neu¬ 
tral salts, NaCl and KCI, were given, Pitts, Ayer 
and Schiess (29) have found that, during the acute 
administration of sodium bicarbonate, as,the tubu¬ 
lar reabsorption of HCO 3 rises to a maximal rate, 
the reabsorption of chloride is correspondingly de¬ 
pressed ; and as a result the total cation concentra¬ 
tion in the extracellular fluid is undisturbed. The 
cases reported here are hardly comparable to these 


INTRACELLULAR CATION EXCHANGES IN METABOLIC ALKALOSIS 


377 


experimental subjects o£ Pitts since ours represent 
prolonged states of equilibrium maintained in the 
presence of conditions other than acute loading of 
excess sodium bicarbonate. Furthermore, if the 
results of the acute i.v. administration of a single 
dose of sodium bicarbonate to a normal subject are 
observed over a period of many hours the initial 
rise in the rate of renal excretion of chloride is fol¬ 
lowed by a fall (30) ; as the elimination of the ex¬ 
cess bicarbonate continues the kidneys again con¬ 
serve chloride and the extracellular concentrations 
return to normal. In the last four cases shown in 
Table IV, therefore, at a time when chloride was 
available some other factors must have been con¬ 
ditioning the tubular reabsorption of this ion. 

However, when chloride ion was administered 
rapidly and in large quantities as an acidifying salt, 
NH^Cl, chloride was retained in sufficient amounts 
to raise its extracellular concentration to normal 
as the extracellular bicarbonate concentration was 
lowered. Simultaneously, the extracellular volume 
or chloride space expanded and sodium moved into 
it from the intracellular space. This occurred 
without any restoration of potassium to the cells. 
There are at least two interpretations of these 
transfers. One is that an excess of intracellular 
sodium may have made this adjustment possible. 
Another is that the kidney was unable to excrete at 
least part of the suddenly imposed load of extra 
anion with ammonia because of renal damage or 
because of the time lag inherent in the mechanism 
of ammonia formation. Under these circum- 
' stances, the transfer of cellular sodium (the only 
sodium available) was the only way to mitigate an 
otherwise abrupt change in acid-base equilibrium 
due to displacement of bicarbonate as CO 2 through 
the lungs. Such a sodium transfer requires some 
accounting in regard to the intracellular anion pat¬ 
tern ; this problem is discussed below. But which¬ 
ever of the above interpretations is accepted, of the 
response to NH^Cl, it would appear that if there 
is an obligatory relationship between the extracel¬ 
lular concentrations of chloride and bicarbonate 
and intracellular cation compositions, the relation¬ 
ship pertains more directly to intracellular sodium 
than to potassium. 

According to the Darrow hypothesis, the direct 
withdrawal of chloride in excess of sodium by way 
of gastric fluid, resulting in a metabolic alkalosis, 
should produce changes in intracellular cation com¬ 


position even in the presence of an adequate intake 
of potassium. Unfortunately our data are incom¬ 
plete on this point. Only in Patient T. W. were 
balance studies obtained under such conditions. 
Intracellular potassium was diminished because 
of the loss in the gastric washings, but intracel¬ 
lular sodium was not increased. This may be ac¬ 
counted for by the presence of moderately severe 
renal insufficiency which certainly interfered with 
any renal readjustments that might have been 
made. Prior to study. Patient H. H. had lost a 
large amount of gastric fluid by lavage. Studies 
during his replacement therapy showed a very 
large decrement of cellular sodium as his bicar¬ 
bonate concentration fell, without much retention 
of potassium. Thus under some circumstances 
extracellular chloride deficit and alkalosis probably 
can be produced without necessarily affecting 
either the sodium or potassium content of the in¬ 
tracellular phase. This is in agreement with the 
experience of Evans and co-workers who found in 
both surgical patients and in dogs that alkalosis 
could occur without cellular potassium depletion 
and could be corrected without the administration 
of this ion (31-33). 

Darrow has suggested that the primary factor 
in extracellular fluid which conditions the intra¬ 
cellular electrolyte pattern is the concentration of 
hydrogen ion rather than'that of bicarbonate or 
chloride. In support of this thesis he has cited 
his experiments (34) in which rats on exposure 
to low atmospheric pressures developed sodium 
excess and a questionable potassium deficit in the 
cellular phase of skeletal muscle. Presumably an 
alkalosis developed due to primary CO 2 deficit 
with a lowered COj content of extracellular fluid, 
although no such measurements were made. We 
have studied patients representing the converse 
of this condition, namely, those with respiratory 
acidosis due to the primary retention of CO 2 as a 
result of severe pulmonary disease. This condition 
leads to a secondary fall in chloride and rise in bi¬ 
carbonate concentration as a response to the rise 
in level of carbonic acid. In a small series of such 
patients with marked elevations of serum bicar¬ 
bonate concentration, but with low blood pH, the 
serum concentration of potassium was found to be 
uniformly within the normal range (35). This 
finding suggests, but does not prove, that no se¬ 
vere intracellular depletion of potassium coexisted 
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with the high bicarbonate concentration found in 
respiratory acidosis. These studies are not ade¬ 
quate controls to those reported in this paper since 
the uptake of potassium administered to such pa¬ 
tients was not tested. But they do suggest that 
intracellular electrolyte composition is conditioned 
not by concentrations of extracellular bicarbonate 
but by concentrations of hydrogen ion or carbonic 
acid. The latter is suggested by data of Wallace 
and Hastings (36) who found by direct analysis 
of muscle that the bicarbonate content of intra¬ 
cellular fluid is very little affected by the bicarbonate 
of the extracellular phase (the cell is impermeable 
to HCO3"), the calculated intracellular pH be¬ 
ing altered according to changes in CO 3 pressure 
alone. 

Extensive differential net transfers of cations 
versus anions between the two phases of body 
fluids require consideration of their effect on the 
ionic electrical neutrality and osmotic pressure of 
the respective phases. Knowledge of the ways in 
which electrical neutrality of intracellular fluid is 
maintained under these circumstances awaits at 
least the complete description of net exchanges 
across the cell boundary of the cations, calcium and 
magnesium, in addition to sodium and potassium, 
'and of the anion, phosphate, as well as chloride. 
Some evidence on this score has been supplied 
by Gardner, MacLachlan and Berman (37) who 
found in the skeletal muscle of potassium deficient 
alkalotic rats, that the intracellular bicarbonate 
was decreased and phosphate increased, and that 
calcium and magnesium, as well as sodium entered 
the cellular phase. However, in addition to ex¬ 
ternal transfers, metabolic processes and variations 
in cellular pH must affect the degree of dissocia¬ 
tion of the organic phosphate and proteinate buf¬ 
fer system within the cell. Alterations in cellular 
osmolarity, so produced, apparently share in con¬ 
ditioning movements of v/ater (38). Therefore, 
any complete accounting of the maintenance of. 
electrical neutrality and of osmotic equilibrium is 
impossible with the data at hand. 

From the study of these cases it appears to the 
authors that a variety of disturbances in intracel¬ 
lular cation pattern may exist in the presence of 
metabolic alkalosis, produced in a variety of ways. 
These disturbances may consist of (o) a decrease 
in potassium and an increase in sodium, (&) an 
cnHiiim without change in ootassium. 


and (c) a decrease in potassium without an in¬ 
crease in sodium. The first of these, a, is most 
common and is usually present when there has been 
over-activity of the adrenal cortex or when the in- 
talce of potassium has been very low for a pro¬ 
longed period of time. Under the latter circum¬ 
stance the kidneys continue to e.xcrete potassium 
for a long enough period to produce a significant 
deficiency before renal conservation takes place. 
Likewise, prolonged loss of gastric fluid, usually 
associated with inadequate f>otassium intake, may 
become associated with a decrease in potassium and 
an increase in intracellular sodium. On the other 
hand abrupt and drastic disturbance of extracellular 
fluid composition, such as may occur with exces¬ 
sive vomiting or postoperative gastric lavage, may 
be associated witlj no intracellular changes or with 
other patterns of change such as i or c listed above. 
In such conditions are more likely to be found the 
renal changes described ,])y Burnett, Burrows and 
Commons (12) leading to potassium wasting, and 
in such conditions is less likely to be found the 
steady state of biological equilibrium (Harrow's 
prerequisite to intracellular pattern, c). It would 
be hazardous, therefore, to predict the precise in¬ 
tracellular cation disturbances in any case of meta¬ 
bolic alkalosis without due consideration of the 
physiological and clinical circumstances of its 
origin. 

SUMMARY AND CONCLUSIONS 

By use of the balance technic the intracellular 
cation exchanges have been studied in ten cases 
of metabolic alkalosis during treatment. 

In all but one of the cases potassium was retained 
in the intracellular phase. In seven of the ten cases 
the chloride balance was much more positive than 
that of sodium. On the assumption that chloride 
is extracellular, large amounts of sodium were cal¬ 
culated to have left the intracellular phase. Ir 
some patients the decrement of sodium was roughly 
equivalent to, and in others greatly exceeded, the 
increment of potassium. 

The extracellular bicarbonate concentration fell 
to normal levels concurrently with the increase in 
potassium and decrease in sodium in the intra¬ 
cellular phase, in four cases. In three others when 
NH 4 CI was given, the bicarbonate concentration 
fell and sodium was extruded from the cells prior 
to any significant uptake of potassium by the latter. 
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In one of lliese cases no potassium was retained, 
and in one sodium entered cells as the alkalosis was 
corrected. 

A variety of etiological factors appeared to lie 
involved in this group of cases as follows: low 
potassium intake alone, two; low potassium intake 
plus gastrointestinal fluid loss, six; adrenocortical 
hyperfunction (ACTH therapy, carcinoma), two. 
No evidence of abnormal renal wasting of potas¬ 
sium was found and in two cases an extreme de¬ 
gree of conservation of the ion with U/P ratios 
of less than 1.0 was observed. 

It is concluded from these data that although 
decrease in potassium and increase in sodium is a 
common intracellular cation disturbance in meta¬ 
bolic alkalosis, other patterns of disturbance may 
occur, especially when the onset has been abrupt 
and renal adjustment has not taken place. Where 
there is an equilibrium state between extracellular 
bicarbonate concentration and intracellular cation 
transfers, the former is more directly linked to 
those of sodium than to those of potassium. 
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Disturbaitces in the exchanges of certain intracel¬ 
lular electrolytes which occur in patients with 
metabolic alkalosis, have been described in the pre¬ 
vious paper (1). Clues to the direction and mag¬ 
nitude of these disturbances were obtained by cal¬ 
culating from balance measurements the alterations 
in body fluids produced by replacement therapy. 
In the present communication the results are pre¬ 
sented of a similar study in patients with metabolic 
acidosis due to renal insufficiency. 

Since this study involved the administration of 
hypertonic solutions of sodium bicarbonate or 
sodium lactate, it seemed advisable to reassess all 
of the factors, including those of intracellular trans¬ 
fers, which determine the quantitative effect of 
such replacement therapy on the total fluid and 
acid-base equilibrium of these patients. Previous 
studies have been made of the effects of alkalinizing 
sodium solutions. Palmer and Van Slyke (2) and 
later Hartmann and Senn (3) found that the rise 
in serum bicarbonate was such that the dose of al¬ 
kali was apparently distributed through a volume 
equal to two-thirds of the body weight, a fraction 
which they believed represented the total body wa¬ 
ter. Since both bicarbonate ions (4, 5) and the 
major portion of sodium ions are not freely dif¬ 
fusible across the cell membrane, some explana¬ 
tion must be sought for the discrepancy between the 
value stated above and the now commonly accepted 

^Laboratory facilities were aided by grants from the 
National Heart Institute, U.S.P.H.S., the C. Mahlon 
Kline Fund of the Department of Medicine, and the Com¬ 
mittee on the Advancement of Research of the University 
of Pennsylvania. The help of the laboratory staffs and 
of the clinical staff of the Hospital is gratefully acknowl¬ 
edged. 

- Established Investigator of the American Heart As¬ 
sociation. 

3 Fellow of the Department of Medicine. 


magnitude of extracellular fluid of 15 to 20 per cent 
of the body weight (6). 

One of the factors which might explain this 
difference in the data of Palmer and Van Slyke 
and Hartmann and Senn was the fact that the dose 
of administered sodium salt was not corrected for 
that portion which was unabsorbed or excreted. 
Another factor was the failure to allow for the 
change in protein anion concentration in red 
cells and plasma. Since the amount of cation which 
is buffered by protein changes as pH is altered. 
Singer and Hastings (7) have indicated that the 
effect of administered acid or alkali is more di¬ 
rectly measured by the change in “buffer base,” 
which is equivalent to the change in bicarbonate 
plus protein anion, than by the change in bi¬ 
carbonate alone. Such calculation applied to the 
data of Shock and Hastings (8) gives an apparent 
volume of distribution of orally administered so¬ 
dium bicarbonate of about 45 per cent of the body 
weight, instead of the larger percentage obtained 
by Palmer and Van Slyke. 

Since it seems unlikely that these large volumes 
of distribution of administered sodium bicarbonate 
or lactate can be explained by excretion or failure 
of absorption of sodium, intracellular transfers 
would appear to be involved. Darrow and co¬ 
workers (9) observed that in the muscles of rats 
rendered acidotic experimentally, the intracellular 
sodium was depleted. On the basis of this.finding 
he has suggested (10) that uptake of sodium by 
cells is the explanation of the large doses of alkali 
required to combat clinical acidosis. Our study 
confirms this hypothesis and reveals that even 
when the errors of absorption and excretion are 
eliminated, and when the buffer base is measured, 
the quantitative results of alkali therapy in this type 
of acidosis can only be explained by extensive 
transfers of cations across the cell boundary. 
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EXPERIMENTAL MATERIAL AND METHODS ‘ 

Eight adult patients with metabolic acidosis due to 
renal insufficiency were studied. The diagnoses are listed 
in Table I. Four of these patients were in the polyuric 
phase of uremia and four were oliguric or anuric. The 
studies e.xtended from two to ten days over the periods 
during which sodium bicarbonate was being adminis¬ 
tered by vein or by mouth. Balances were measured and 
electrolyte and water exchanges were calculated as in the 
previous paper (1). 

In four of the patients during early periods of therapy 
detailed studies were made of changes in the acid-base 
equilibrium. This was done by the technic described by 
Shock and Hastings (11) which involves the micro-de¬ 
termination of pH and total CO^ content of cutaneous 
blood. From these values and that of the hematocrit the 
tension of carbon dioxide (pCO-) and the concentration 
of buffer base ([BB]) were calculated according to the 
nomogram of Singer and Hastings (7). These changes 
were then correlated with tire data for the corresponding 
balance periods. 

^ The laboratory assistance of Mrs. Helen Lightman 
and Mrs. Claire Tissari is especially acknowledged. 


Since in most of the cases large changes occurred in 
the urea nitrogen concentration of body fluids, some diffi¬ 
culty was involved in the calculation of transfers of in¬ 
tracellular potassium which were "in excess of nitrogen” 
or unrelated to catabolism and anabolism of cells. To 
make this calculation the e.xternal nitrogen balance was 
corrected by a value obtained by multiplying the change in 
blood urea nitrogen concentration by an assumed value 
for total body water. Obviously, where the ‘change in 
blood urea nitrogen concentration is large and the external 
nitrogen balance is small, the derived value for “excess 
potassium” can be but a rough approximation. Such a 
calculation is useful, however, in indicating at least the di¬ 
rection and type of e.\change3 involved. 

RESULTS 

The results are presented in Tables I to III, and 
in Figures 1 and 2. 

Sodium exchanges and acid-base equilibrium. 
During the administration of sodium bicarbonate, 
all of the patients were in a strongly positive so¬ 
dium balance (Table I). The concentration of 


TABLE I 


External exchanges of water, electrolytes, and nitrogen 


Patient 

Age 

and 

sex 

Diagnosis 

Period 

Average daily 

Total period balance* 

Intake 

Urinary output 

HsO 

Cl 

Na 

H 

N 

Vol. 

Cl 

Na 

K 

N 

Cl 

Na 

B 

N 

day of 
study 

ml. 

m,eq. 

m,eq. 

m,eq. 

gill. 

ml. 

m,cq. 

VI, eq. 

vi.eq. 

gvi. 

vt.eq. 

in,eq. 

vt,eq. 

gin. 

Group I: Polyuric patients 


E. G. 

59 F 

Chr. pyelonephritis 

0-4 

2,870 

70 

22111 

82 ' 

10.7 

741 

28 

40 

14 



-P725 

+274 

+32.8 


19 M 

Clir. glomerulonephr. 

0-1 

1-2 

4,100 

3,200 

57 

60 

226 

226 

135 

135 

10.3 

10.7 

3,775 

2,285 

130 

69 

145 

82 

72 

55 

17.5 

9.1 

- 80 
- 10 

+ 75 
-fl42 

+ 55 
+ 80 

m 

H. H. 

70 F 

Lower neplir. nephrosis 

0-7 

3,510 

55 

124 

75 

9.3 

2,480 

70 

96 

14 

10.1 

-111 

-f-185 

+429 

- 6.0 

A. T. 

38 F 

Tubular insufficiency 

0-3 

3-10 

m 

0 

99 

120 

108 

64 

117 

iQ 

1,362 

1,802 

45 

88 

29 

93 

16 

42 

m 

-141 
+ 67 

-f-268 
-f 86 

+143 

+536 

-12.6 

-30.2 

Group II: Oliguric and anuric patients 

G. D.f 

18 F 

Dissem. lupus 

0-2 

1,170 

23 

300 

■ 

B 

140 

S 

1 

B 

— 

- 2 

-P483 

- 20 

— 

J. R. 

36 M 

Nephrosclerosis 

0-1 

1-5 


36 

67 

251 

202 

S3 

0 

0.2 

m. 

2 

5 

1 

5 

■B 

0.4 

1.9 

-p 18 
-i-237 

-P244 

-P777 

- 6 
- 24 


M. B.§ 

65 M 

Lower nephr. nephrosis 

0-6 

1,800 

27 

111 

1 0 

0.5 

105 

7 

12 

2 

0.8 

-220 

-P3S9 

- 41 

BI| 

I. C.ll 

40 F 

Lower nephr. nephrosis 

0-8 

1,505 

24 

118 

0 

0 

5 

— 

— 

— 

— 

- 42 

+752 

-135 

- 9.1 


* Balances corrected for small quantities of Cl and Na lost in serum drawn for analysis, and for electrolytes lostm 


gastrointestinal and pleural fluids where indicated, 
t 200 ml. of vomitus included in balance, 
t 600 ml. of pleural fluid included in balance. 

§ Gastric drainage removed during last three days included in balance. , ... , , 

f Upper gastrointestinal drainage and electrolytes removed by resin enemata included m oaiance 

Given by mouth. .... . , , , , • r 

Balance data are expressed per individual period rather than cumulatively. 
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TAULE II 

Analyses of blood and serum, and changes in the distribution of sodium and potassium between the phases of body fluid 












Change in 


Time 

WciKlit 






Blood 

urea 

N 

Extra* * * § 

cellular 

volumet 

Sodium 

Potassium 

Patient 



COi 

Cl 

Na 

B 

n>o* 



Extraccll. 

Iiitracell. 

Extracell. 

Intracell.t 


day of 
study 

i 

m.U. 
per /. 

m 

m.eq. 
Pit L 

m.eq, 
per L 

sm. 
per 1, 

mg, 

per cent 

1. 

7n.eq, 

m.eq. 

m.eq. 

m.eq. 


Group I; Polyuric patients 


E. G. 

0 

4 

48.7 

S0.2 

13.5 

23.0 

101 

91 

129 

139 

4.6 

3.6 

931 

107 

88 

( 8.0) 
10.4 

+420 

+305 

± 0 

+ 178 

C. P. 

0 

66.0 

15.8 

97 

132 

5.0 

939 

132 

(10.0) 







1 

66.0 

21.2 

92 

136 

5.1 


144 

9.8 

+ 

15 

+ 60 

± 0 

+ 86 


2 

66.0 

26.5 

95 

141 

5.0 


144 

9.4 

— 

10 

+ 152 

- 3 

+ 79 











+ 

5 

+212 

- 3 

+ 165 

H. H. 

0 

0 

11.7 

99 

126 

2.5 

942 

112 

(15.0) 







7 


21.6 

103 

139 

2.5 


104 

13.5 

— 

15 

+200 

- 4 

+428 

Ba 

0 

_ 

3.8 

120 

136 

2.6 

936 

15 

7.9 







3 

— 

13.1 

106 

134 

2.6 

937 

39 

7.8 

— 

30 

+298 

- 1 

+ 192 


10 

43.6 

25.6 

99 

134 

4.1 

934 

20 

( 9.0) 

+ 164 

- 78 

+ 17 

+568 

■ 









1 

+ 134 

+220 

+ 16 

+760 


Group II: Anuric patients 


G. D. 

0 

2 

|j|j| 

10.8 

20.7 

88 

94 

116 

128 

7.1 

7.1 

957 

152 

152 

(15.0) 

14.1 

+ 65 

+418 

- 7 

— 

13§ 

J. R. 

0 

B 

16.7 

76 

112 

4.9 

944 

98 








1 


18.9 

75 

117 

5.3 

942 

116 



+ 119 

+ 9 

+ 

6 


5 

Isl 

27.0 

75 

131 

6.1 

940 

148 

B 


+ 182 

+30 

— 

1 



B 







B 

+720 

+301 

+39 

+ 

5 

M. B. 

0 

82.0 

19.8 

84 

131 

4.9 

928 

83 

(17.0) 







6 


28.0 

69 

139 

7.1 

921 

138 

17.4 

+210 

+ 149 

+41 

+ 

6 

I. C. 

0 

B 

17.6 

93 

mM 

5.3 

931 

116 

(15.0) 







8 

B 

21.6 

76 

m 

5.4 


224 

17.8 

+530 

+222 

+ 16 

— 

4 


* Calculated from the concentration of serum protein. 

t Calculated by changes in chloride balance fonvard or backward from an assumed extracellular volume (designated 
by parentheses). 

t In excess of nitrogen. 

§ Total intracellular K, not K in excess of N. 

Time as designated by day indicates end of period at which time serum analyses were made, balances for the period 
determined, and exchanges calculated. 


serum sodium rose in all (Table II). In all of the 
patients sodium entered the intracellular or “non¬ 
chloride” phase (Table II). This increment of 
intracellular sodium varied from 29 to 108 per 
cent of the amount of sodium retained, and in 
four of the eight patients was more than 50 per 
cent. In three of the eight patients little or none 
of the sodium was retained in the extracellular 


phase; consequently, in these patients, the increase 
in concentration of extracellular cation which was 
available for the bicarbonate and protein anions 
was the result primarily of decreases in extracel¬ 
lular water and chloride rather than of an increase 
in the absolute amount of extracellular sodium. 
Thus, whether or not there was an increase in the 
absolute amount of extracellular sodium, all of the 
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and of other ions. As pointed out in the preceding 
paper (1), any assessment of the relation of these 
cation transfers to maintenance of ionic electrical 
neutrality and to osmotic equilibrium within the 
cells, requires a great deal more data than is avail¬ 
able at present. Precise knowledge of these dis¬ 
turbances will only come when these other factors 
have been more adequately studied and their rela¬ 
tionship defined to the metabolic processes which 
maintain the differential distribution of electro¬ 
lytes across the cell boundary. 

SUMMARY AND CONCLUSIONS 

The exchanges of intracellular sodium and po¬ 
tassium were calculated by the balance technic in 
eight patients with acidosis due to severe renal in¬ 
sufficiency, during the administration of sodium 
bicarbonate. On four of the patients acid-base data 
were obtained. 

Sodium entered the intracellular phase in all of 
the patients in amounts ranging from 29 to 108 
per cent of the sodium retained. 

Potassium entered the intracellular phase in the 
four polyuric patients to whom it was given. In 
the anuric patients to whom no potassium was 
aiven because of an elevated extracellular concen¬ 
tration of the ion, no significant exchange occurred 
of intracellular potassium in excess of nitrogen. 

The metabolic acidoses as measured by the buf¬ 
fer base or bicarbonate were corrected in whole or 
in part in all of the patients. 

It is concluded (1) that measurements of the 
whole blood buffer base give a better index than 
the CO, content of changes in this type of acid-base 
disturbance, (2) that shift of sodium into cells, 
as well as excretion of sodium and balance of chlo¬ 
ride, determine the effect of administered alkali 
on the acidosis, and (3) that because of the unpre¬ 
dictability of these factors the therapeutic dosage 
can only be roughly estimated ahead of time. 

REFERENCES 

1. Elkinton, J. R., Squires, R. D., and Crosley, A. P., 

Jr., Intracellular cation exchanges in metabolic al¬ 
kalosis. J. Clin. Invest., 1951, 30, 369. 

2. Palmer, W. W., and Van Slyke, D. D., Studies of 

acidosis. IX. Relationship between alkali retention 
and alkali reserve in normal and pathological in¬ 
dividuals. J. Biol. Chem., 1917, 32, 499. 


3. Hartmann, A. F., and Scan, JM. J. E., Studies in the 

metabolism of sodium r-Iactate. 1. Response of 
normal human subjects to the intravenous injec¬ 
tion of sodium r-Iactatc. J. Clin. Invest., 1932, II, 
327. 

4. Rosenbaum, J. D., The influence of alterations in acid- 

base balance upon transfers of carbon dioxide and 
bicarbonate in man. J. Clin. Invest., 1942, 21, 735. 

5. Wallace, W. M., and Hastings, A. B., The distribu¬ 

tion of the bicarbonate ion in mammalian muscle. 
J. Biol, Chem., 1942, 144, 637. 

6. Levitt, M. F., and Gaudino, M., Measurement of body 

water compartments. Am. J. Afcd., 1950, 9, 208. 

7. Singer, R. B., and Hastings, A. B., An improved 

clinical method for the estimation of disturbances 
of the acid-base balance of human blood. Medicine, 
1948, 27, 223. 

8. Shock, N. W., and Hastings, A. B., Studies of the 

acid-base balance of the blood. IV. Characterization 
and interpretation of the acid-base balance. J. Biol 
Chem., 1935, 112, 239. 

9. Darrow, D. C., Schwartz, R., lannucci, J. F., and 

Coville, F., The relation of scrum bicarbonate con¬ 
centration to muscle composition. J. Clin. Invest., 
1948, 27, 198. 

10. Darrow, D. C., Body-fluid physiology: the relation 

of tissue composition to problems of water and elec¬ 
trolyte balance. New England J. Med., 1945, 233, 
91. 

11. Shock, N. W., and Hastings, A. B., Studies of the 

acid-base balance of the blood. I. A microtech¬ 
nique for the determination of the acid-base bal¬ 
ance of the blood. J. Biol. Chem., 1934, 104, 565. 

12. Elkinton, J. R., Clark, J. K., Squires, R. D., Bluemle. 

L. W., Jr., and Crosley, A. P., Jr., Treatment of 
potassium retention in anuria with cation exchange 
resin. A preliminary report. Am. J. M.. Sc., 1950, 
220, 547. 

13. Finch, C. A., Sawyer, C. G., and Flynn, J. M., Clini¬ 

cal syndrome of potassium intoxication. Am. J. 
Med., 1946, 1, 337. 

14. Keith, N. M., and Burchell, H. B., Clinical intoxication 

with potassium: its occurrence in severe renal in- 
sufliciency. Am. J. M. Sc., 1949, 217, 1. 

15. Elkinton, J. R., Tarail, R., and Peters, J. P., Trans¬ 

fers of potassium in renal insufficiency. J. Clin. 
Invest, 1949, 28, 378. 

16. Brown, M. R., Currens, J. H., and Marchand, J. F., 

Muscular paralysis and electrocardiographic ab¬ 
normalities resulting from potassium loss in chronic 
nephritis. J. A. M. A., 1944, 124, 545. 

17. Tarail, R., and Elkinton, J. R., Potassium deficiency 

and the role of the kidney in its production. J. 
Clin. Invest., 1949, 28, 99. 

18. Leaf, A., and Camara, A. A., Renal tubular secretion 

of potassium in man. J. Clin. Invest, 1949, 28, 
1526. 

19. Burnett, C. H., Shapiro, S. L., Simeone, F. A., 

Beecher, H. K., Mallory, T, B,, and Sullivan, E. R., 



INTRACELLULAR CATION EXCHANGES IN ACIDOSIS 


387 


Post-traumatic renal insufficiency. Surgery, 1947, 
22, 994. 

20. Albright, F., Burnett, C. H., Parson, W., Reifen- 
stcin, E. C., '3 r., and Roos, A., Osteomalacia and 
late rickets. -The various etiologies met in the 
United States with emphasis on that resulting from 
a specific form of renal acidosis, the therapeutic in¬ 
dications for each etiological sub-group, and the 


relationship between osteomalacia and Milkman’s 
syndrome. Medicine, 1946, 25, 399. 

21. Elkmton, J. R., Squires, R. D., and Singer, R. B., 

Unpublished study. 

22. Elkinton, J. R., Winkler, A. W., and Danowski, T. S., 

Transfers of cell sodium and potassium in experi¬ 
mental and clinical conditions. J. Clin. Invest, 
1948, 27, 74. 



THE LIPIDS OF SERUM IN PREGNANCY ‘ 


By JOHN P. PETERS, NARTIN HEINEMANN, and EVELYN B. MAN 

(from the Deportment of Internal Medicine, Vale University School of Medicine, 

Netv Haven, Conn.) 

(Submitted for publication December 9, 1950; accepted, February 5, 1951) 


It has been repeatedly demonstrated that the 
concentration of cholesterol in the serum of women 
increases during pregnancy C1~S)- Fatty acids 
(1, 6, 7) and phospholipids (4, 6, 7) also rise 
somewhat. There is not such general agreement 
concerning the time relations of the elevations nor 
the relative changes of the various lipid compo¬ 
nents. Bloor and Knudson (9) claimed that the 
increment of cholesterol is composed chiefly of es¬ 
ters; Gardner and Gainsborough (5) found that 
it consisted entirely of free cholesterol; while, ac¬ 
cording to Boyd (7), the partition of cholesterol 
is unaltered. These disagreements can probably 
be attributed chiefly to the different analytical 
techniques employed. 

In a study of the effect of pregnancy on the pre- 
cipitable iodine of the serum, lipids were also 
measured in a number of cases in order to define 
more precisely the course of the lipids during preg¬ 
nancy and also to evaluate the significance of the 
changes of SPI during this process. 

MATERIAL AND METHODS 

The patients studied were under the supervision of mem¬ 
bers of the metabolic division of the Department of In¬ 
ternal Medicine. The majority were delivered in the New 
Haven Hospital. Blood was taken in the morning. The 
patients were either fasting or else had a meal contain¬ 
ing carbohydrate, but no appreciable amounts of fat or 
protein (fruit juice, black coffee with sugar, toast without 
butter, with a little jam or jelly if desired). SPI and 
serum lipids were measured by methods previously de¬ 
scribed (10). 

RESULTS 

Altogether 145 observations were made on 34 
normal persons and 19 observations on five patients 
with hyperthyroidism under treatment with propyl¬ 
thiouracil and urea. SPI and all lipid fractions 
(total and free cholesterol, fatty acids and lipid 
phosphorus) of 31 normal subjects were measured 
on 114 occasions. In one instance SPI was 

1 This investigation was supported (in part) by a re¬ 
search grant from the U. S. Public Health Service. 


omitted and in a number of others fractionation 
of lipids was incomplete. 

The data from the normal subjects are pre¬ 
sented in Table I. .Althougli the interrelationships 
of the lipid fractions are not entirely unaffected by 
pregnancy, in general all fractions are altered syn¬ 
chronously and in the same direction. In every 
case in which repeated observations were made the 
lipids rise as pregnancy advances. The rise, which 
is extremely variable in degree, is seldom evident 
before 12 or more weeks have elapsed. Once it 
has begun, the lipids appear to increase progres¬ 
sively until term. After delivery they decline 
gradually, presumably to prepregnant concentra¬ 
tion. The word “presumably” is used because, 
for obvious reasons, actual prepregnancy values 
are not known. There is reason to suspect that the 
concentrations observed in early pregnancy do not 
represent normal nonpregnant values. With a few 
exceptions, until the lapse of 12 weeks they tend 
to lie somewhat below the accepted average for a 
group of normal individuals. In a number of sub¬ 
jects who had more than one observation in the 
early weeks, cholesterol declined distinctly at this 
time: MMcM, C46864, MWa. The cholesterol of 
PG after 10 weeks of pregnancy was 212 mg. per 
cent; but 26 weeks after delivery it was 275 mg. 
per cent. Of course it may not have returned to 
its normal level in this interval, but it had remained 
at the same concentration for 15 weeks, definitely 
lower than it had been in the latter part of preg¬ 
nancy. The first case, 43773, is particularly sig¬ 
nificant because she was studied in two pregnan¬ 
cies. Before the first pregnancy only lipid phos¬ 
phorus was measured. Values of 9.9 and 10.2 mg. 
per cent were found on two occasions. It had 
reached practically the same value, 10.5 mg. per 
cent, 32 weeks after delivery. In the early weeks 
of both pregnancies, however, it fell to between 
8 and 9 mg. per cent. As evidence that her con¬ 
dition did not differ appreciably on the two oc¬ 
casions, her lipid patterns at 17 and 18 weeks of 
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Lipids in normal pregnancy 


Neutral 

fat Lipid P —3.7 
fatty Free chol, 
acid 
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TABLE I— Continued 


Case no. 

Age 

Weeks* 

SPl 

Cholesterol 

Fatty 

.icid 

Lipid 

V 

Neutral 

fat 

fatty 

acid 

Lipid P-3.7 
Free cliol. 

Total 

Free 

Free 

Tot.ol 





»ig. % 

"Iff. /O 

m 

viEnlL 

"><. 7o 

mSj/Z, 


B85841 


12 


183 

54 


12.0 

9.9 

3.0 

ImBm 



17 


190 

49 


13.2 

10.4 

3.5 




20 


212 

63 

0.30 

13.1 






24 


239 

70 

0.29 

15.7 

11.8 

2.7 




28 

7.1 

242 

74 

0.31 

18.2 

11.0 

7.4 




32 

7.1 

242 

80 

0.33 

19.5 

12.7 

7:9 




35 

9.5 

243 

74 

0.30 

19.3 

12.5 

7.6 




36 

7.7 

260 

86 

0.33 

19.8 






P 1 

8.6 

244 

76 

.0.31 

16.4 

11.5 

5.3 

0.102 



P <j 

4.8 

235 

65 

0.28 

15.8 

10.7 

5.2 

0.108 

B7851011 

29 

16 

7.3 

244 

66 

0.27 

14.6 

12.3 

2.9 

0.130 



21 

6.4 

238 

89 

0.37 

18.5 

12.4 

7.4 

0.098 



25 

6.3 

333 

113 

0.33 

21.9 

16.0 


0.109 



31 

7.4 

350 

144 

0.41 

23.0 

16.4 

8.1 




35 

6.0 

346 

111 

0.32 

22.9 

14.3 

8.5 




39 

8.8 

423 

111 

0.26 

24.9 

15.0 

8.1 

^■i|l t 



P 2/7 

9.4 

385 

112 

0.29 

22.4 

15.0 

6.6 




P 11/7 

7.3 

385 

109 

0.28 

18.4 

14.9 

2.5 




P 5 

5.0 

354 

108 

0.30 

18.2 

12.6 

4.5 




p 12 

4.5 

292 

80 

0.27 

14.8 

11.0 

2.9 

Hun 



p 21 

5.4 

261 

71 

0.27 

13.9 

10.9 

2.7 

0.101 

C52217 

32 

5 

8.0 

160 

49 

0.31 

10.0 

7.6 

0.1 


HC 


12 

8.3 

168 

45 

0.27 

9.3 

9.8 

0.4 




24 

7.3 

215 

56 

0.26 

12.7 

11.1 

2.2 


MD 

22 

8 

8.6 

176 



10.7 






p2/7 


264 

82 

0.31 

18.2 

13.5 

6.2 

0.120 

BS3121 

37 

6 


205 

64 

0.31 

12.6 






7 


230 









32§ 

8.0 

263 

76 

0.29 

25.7 

13.1 

13.2 

0.124 

VD 

34 

36 

8.4 

367 



29.8 




CF 

23 

11 

6.9 

225 

68 

0.30 

14.8 

12.9 

3.2 

0.135 

C45201 

22 

14 

7.6 

213 

60 

0.28 

13.5 

10.6 

3.4 

0.115 

C13678 

26 

3 

4.0 

108 







AH 


10 

7.6 

197 

62 

0.32 

11.1 

8.8 

2.5 

0.082 

C42461 

23 

5 

6.0 

143 

39 

0.27 

8.1 

7.8 

0.9 

0.106 



7 

6.6 

141 

38 

0.27 

8.2 

5.8 

2.4 

0.068 



13 

9.0 

141 

31 

0.22 

7.4 

6.1 

1.0 

0.077 



26 

9.0 

223 

58 

0.26 

12.8 

9.2 

3.2 

0.095 

C15296 

27 

34 

4.8 

329 

94 

0.29 

24.6 

15.5 

9.5 

0.125 



40 

4.8 

266 



31.5 




GJ 

28 

20 

7.8 

235 

78 

0.33 

19.4 

15.4 

6.4 

0.150 

PJ 


14 

6.4 

161 

51 

0.32 





B9S180 

29 

32 

6.5 

252 

79 

0.31 

19.2 

13.8 

6.7 

0.128 

MMcN 


32 

6.3 

292 

79 

0.27 

19.9 

13.8 

6.4 

0.128 



37 

6.6 

296 







SO 


8 

4.3 

201 

59 

0.29 

12.9 




C41S46 

21 

8 

6.2 

201 

66 

0.33 

10.7 

8.5 

2.3 

0.073 

B769 

29 

12 

7.0 

225 

60 

0.27 

11.4 

9.9 

1.4 

0.105 

MWa 

28 

7 


146 

38 

0.26 

9.6 

6.3 

3.1 

0.068 



11 


130 

38 

0.29 

9.5 

7.4 

2.8 

0.074 


* Weeks after last menstrual period; a represents weeks before pregnancy: p_represents weeks aft^ delivery, 
t Parentheses indicate that duplicate values for total or free cholesterol did not check with sufficient acc 
therefore the ratios are not precise, 
t One day before delivery. 

§ One day before premature delivery. For details of case see (12). 

11 Received 0.02 gm. of stilbestrol daily from the end of the 16th week until delivery. 
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the two pregnancies respectively were almost iden¬ 
tical. In the second pregnancy the early reduction 
of lipids involves all fractions proportionally. All 
these considerations together suggest that the 
lipids diminish in the early part of pregnancy. If 
this is the case the data tend to exaggerate the ex¬ 
tent of the rise of lipids during pregnancy. This 
could also be inferred from the fact that the high¬ 
est values observed in this series seldom exceed 
the normal limits. In only four subjects were con¬ 
centrations of cholesterol greater than 300 mg. 
per cent encountered. The rise, nevertheless, ap¬ 
pears to be authentic. The general range of lipids 
in the later part of pregnancy is distinctly above 


the expectation for a normal group of nonpreg¬ 
nant women. In addition, with the exception of 
43773 and MMcM, who was followed for only 
eight weeks post partitm, in those who were fol¬ 
lowed after delivery, lipids declined. The rises 
in these two cases were comparatively small. The 
rate of decline of the lipids is highly variable. 
There are not sufficient observations to define its 
course precisely. It apparently does not usually 
begin until a week or two have elapsed and may 
not be complete after as long an interval as 12 
weeks. 

In Table II are a few subjects who received thy¬ 
roid although they had no evidences of hypothy- 


TADLE II 


Serum lipids of patients iiiho, although they had no disorder of thyroid function, received thyroid 


Case no. 

■ 

Weeks* 

SPI 

Cholesterol 

Fatty 

acid 

Lipid 

P 

Neutral 

fat 

fatty 

acid 

Lipid P -3.7 

Thyroidt 

Total 

Free 

Free 

Total 

Free chol. 




1 % 

mg. % 

mg. % 


mEqlL 

mg. % 

mEqlL ' 


gmst 

wks. 

HL 

42 

26 

7.6 

236 

65 

0.28 

17.3 

11.8 

6.1 

0.125 





31 

5.5 

235 

63 

0.27 

1 




0.12 

3 



32 

4.8 

183 

'll 

(0.39) t 





0.12 

4 

GM 

31 

4 

5.2 

167 

47 

0.28 

10.2 








12 

5.9 

160 

40 

0.25 

10.4 

9.3 

1.9 

0.140 

0.12 

8 

HP 

35 

7 

6.3 

160 

83 

0.52 

9.5 

9.7 

1.9 

0.072 





9 

9.9 

188 

49 

0.26 

1 12,2 

1 

10.6 

2.5 

0.142 

0.18 

2 

ES 

36 

7 

3.9 

188 

52 

0.28 

10.9 

10.6 

1.3 

0.133 





11 

5.8 

187 

49 

0.26 

10.0 




0.12 

4 



15 

7.4 

169 

47 

0.28 

11.0 

9.3 

2.4 

0.119 

0.24 

3 



27 

5.3 

218 

62 

0.28 

14.4 

11.6 

3.6 

0.127 

0.24 

IS 



35 

5.4 

255 

71 

0.28 

16.5 

11.8 

4.9 

0.114 

0.24 

23 

A63436 

35 

5 

3.5 

194 

47 

0.24 

13.6 

10.1 

3.9 

0.136 

0.24 

1 



6 

5.9 

172 

49 

0.28 

12.2 

9.6 

3.4 

0.120 

0.30 

2 



12 

8.5 

169 

35 

0.21 

11.4 

10.1 

2.0 

0.183 

0.30 

8 



16 

7.9 

253 

70 

0.28 

17.4 

12.5 

5.3 

0.127 

0.30 

12 



18 ! 

8.1 

221 

62 

0.28 

17.2 

11.8 

6.3 

0.130 

0.42 

2 


1 

21 

8.6 

252 

73 

0.28 

18,8 

12.9 

6.7 

0.126 

0.42 

5 



23 § 

8.4 

241 

70 

0.29 

14.2 

11.8 

3.0 

0.115 

0.42 

7 

MW 

22 

1 

4.2 

236 

60 

0.25 

14.4 

10.0 

3.5 

0.128 





5 

5.5 

202 

56 

0.28 

11.6 

9.0 

2.6 

0.095 





9 

7.2 

165 

49 

0.30 

8.8 

8.0 

1.2 

0.088 

0.18 

3 



11 

7.3 

174 



9.8 




0.18 

5 



15 

7.8 

190 

56 

0.29 

12.0 

9.1 

3.2 

0.096 

0.18 

9 



20 

9.4 

228 



16.4 




0.18 

14 



25 


252 

73 

0.29 

17.0 

11.9 

5.5 

0.111 

0.18 

19 



P 2/7 

Km 

259 

77 

0.30 

18.2 




0 

2/7 



p 15 

4.1 

233 

70 

0.30 

12.3 

10.5 

2.3 , 

0.090 

0 

15 

TK 

30 

18 

6.2 

279 

77 

0.39 

16.3 

12.8 

3.7 

0.118 





23 

6.8 

246 

73 

0.34 

19.7 

13.1 

1 

7.3 

0.129 

0.24 

4 


* Weeks after last menstrual period; p represents weeks after delivery. 

t The number of weeks that the stated dose of thyroid had been taken before the determination, 
t Parentheses indicate that duplicate values for total cholesterol did not check with sufficient accuracy; therefore 
the ratios are not precise. 

§ On the day of miscarriage. For details of case see (12). 
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roiclism. The general course of the lipids in these 
cases is not distinguished from that of tlie women 
who did not receive thyroid. This bears out the 
impression, expressed earlier (11, 12) that the 
pregnant woman tolerates or utilizes thyroid with 
facility. The lipids may be temporarily depressed 
after institution of thyroid therapy or an increase 
of the dose, but rise again shortly. This is evi¬ 
dent in ES, A63436 and MW. Observations 
were not continued long enough in HL and TK 
to ascertain whether the drops were transitory or 
not. 

Free cholesterol followed the course of total 
cholesterol quite closely. The ratio, free: total 
cholesterol, in the serum of normal persons and pa¬ 
tients with disorders of the thyroid (10) does not 
depart from the narrow limits, 0.24 to 0.32. In 
138 observations in this study the ratio exceeded 
0.32 only 11 times and 0.33 only seven times. One 
of these, in HL (Table II), must be discounted be¬ 
cause the analysis was not satisfactory. In TK 
(Table II) the chloresterol ratio was 0.39 after 
18 weeks, 0.34 after 23 weeks. No disorder was 


found to explain these abnormal ratios. The preg¬ 
nancy proceeded to a normal delivery. In HP 
(Table II) at the end of seven weeks the ratio was 
0.52, but two weeks later it was only 0.26. A ra¬ 
tio of 0.34 was found in 98175 (Table III) two 
days after delivery. Ratios of 0.37, 0.33 and 0.41 
were found in B78510 after 21, 25 and 31 weeks, 
respectively. This subject had normal ratios after 
16 and 31 weeks and thereafter on seven different 
occasions, the last 21 weeks after delivery. This 
is the woman whose total cholesterol rose highest 
during pregnancy, reaching 423 mg. per cent at 
the end of 39 weeks. There was, however, no cor¬ 
relation between total cholesterol and the choles¬ 
terol ratio. The latter had fallen to 0.26 when the 
former reached its peak. The subject had had in¬ 
fectious hepatitis three years earlier, but had no 
demonstrable residua of this disease. She received 
stilbestrol throughout her pregnancy, being the 
only subject thus treated. Flowever, the ratio re¬ 
turned to normal while she was still receiving stil¬ 
bestrol, while the lipids remained high after it was 
discontinued. The ratio was less than 0.24 in 


TABLE in 


Scrum lipids of patients with disorders of the thyroid 


Case no. 

Age 

Weeks* 

SPI 

BEI 

Cholesterol 

Fatty 

acid 

Lipid 

P 

Neutral 

fat 

fatty 

acid 

Lipid P -3.7 

Lugol'a 

solution 

Propyltliiouracil 

Total 

Free 

Free 

Total 

Free cliol. 




y% 

7% 

trig- % 

mg. % 


mEqlL 

mg. % 

mEq/L 


gits. 

tttg. 

wis.f 

C24644 

34 

6 

9.6 


182 

47 

0.26 

10.6 

8.3 

2.2 

0.098 

12 

100 

25 



14 

11.3 


253 

74 

0.29 

16.3 

11.9 

4.8 

0.111 

12 

75 

7 



20 

9.1 


252 

77 

0.31 

16.4 , 

11.9 



12 

75 

13 



30 

8.9 

7.2 

276 

86 

0.31 

20.2 

13.9 

7.2 

0.119 

12 

75 

23 



P 1/7 

9.1 

7.6 













P 5 

7.7 

4.7 

243 



19.5 

13.1 



12 

100 

5 

98175 

32 

10 

9.4 

6.9 

257 

73 

0.28 

16.8 

10.4 1 

6.0 

0.072 

15 , 

450 

6 



14 

14.9 

13.7 

242 

75 

0.31 

18.0 

1 11.7 

6.9 

0.107 

15 

450 

10 



21 

8.6 

6.4 

342 

94 

0.28 

24.6 

15.3 

9.3 

0.099 

15 

500 

7 



24 


14.0 

278 

78 

0.28 

25.3 




15 

300 

3 



26 

14.9 

12.9 

318 



25.2 

14.6 



15 

300 

5 



P 2/7 


16.4 

305 

105 

0.34 

22.7 

14.9 

8.9 

0.107 

15 

150 

8 

' A25444 

26 

18 

11.2 

6.7 

200 

59 

0.29 

16.2 

13.4 

4.8 

0.164 

7 

300 

‘ 8 



23 

8.6 

6.1 

349 

73 

0.21 

19.1 

14.0 

3.8 

0.141 

7 

300 

15 



28 


11.8 

159 

49 

0.31 

12.5 




7 

150 

0 

B94697 

36 

37 

8.7 


186 

54 

0.29 

19.9 

11.5 

10.8 

0.144 

10 

501 

16 



40 

11.3 


189 

59 

0.31 

20.2 

10.9 

10.5 

0.122 

10 

25+ 




P 2/7 

10.5 


173 


1 

17.4 




10 

25} 

3 



P 2 

11.1 

6.8 

270 

72 

0.27 

21.1 

11.6 

9.2 

0.110 

10 

251 


C19922 

36 

19 

9.2 


179 

48 

0.27 

15.2 




14 

300 

14 


* Weeks after last menstrual period; p represents weeks after cleliver 3 '. 
t Number of weeks patients had been taking propylthiouracil. 

X Thiourea instead of propylthiouracil. 
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three subjects. One of these can be attributed to 
analytical error. No cause for abnormally low 
ratios has been discovered. In no case could vari¬ 
ations of the ratio, within or outside of the normal 
range, be related to the stage of pregnancy or to 
other characteristics of the lipids. The deviations 
from the normal range must, therefore, be attrib¬ 
uted to adventitious disorders, the nature of which 


was not discovered. 

In normal persons the relationship of phospho¬ 
lipid to cholesterol is most precisely defined by the 
mg. per cent of lipid P — 3.7 
equation, cholesterol 

(13). In the present study the average ratio was 
0.113, varying from 0.067 to 0.182. No signifi¬ 
cance can be attached to the slightly elevated aver¬ 
age ratio or the variability of the ratio. These 
features could not be correlated with the course of 
pregnancy, other lipid fractions or the cholesterol 
ratio. 

The most distinctive feature of the lipid pattern 
is an increase of the concentration of neutral fat as 
pregnancy progresses. Although this is usually 
moderate and varies from case to case, it is un¬ 
mistakable and consistent in all subjects and there¬ 
fore significant. Neutral fat and cholesterol ap¬ 
pear to be roughly correlated; but the correlation 
probably derives only from the fact that both rise 
as pregnancy progresses. Neither in individual 
cases nor in the series as a whole do the two func¬ 
tions vary proportionally. Neutral fat appears to 
fall earlier than cholesterol does after delivery. 

Both SPI and cholesterol rise as pregnancy ad¬ 
vances. There is no reason except this associa¬ 
tion to connect the two phenomena. In most other 
circumstances cholesterol tends to diminish as SPI 


rises. 


In Table III are five pregnant women with hy¬ 
perthyroidism who were treated with this drug and 
Lugol’s solution of iodine. Although the lipids are 
more variable in these patients than they are in 
normal women they have the same tendency to rise 
as pregnancy advances and to decline after delivery. 
SPI in these cases does not mirror precisely the 
degree of thyroid activity for reasons pointed out 
elsewhere. SPI may rise further in hyperthyroid 
than in normal persons during pregnancy (12). 
In addition administration of iodine causes spuri- 
ous increases of SPI (14). Butanol-extractable 
iodine (BEI), figures for which are given in sev¬ 


eral instances, is a better measure of thyroid ac¬ 
tivity in these cases. In A2S444 and 98175 the lip¬ 
ids fell when signs of frank hyperthyroidism ap¬ 
peared with BEI’s above 10 gamma per cent. In 
the latter case, they rose again in spite of the con¬ 
tinued hyperthyroidism. 

DISCUSSION 

There is little to add to this description. The 
causes of these variations in the concentrations 
and interrelationships during pregnancy will re¬ 
main conjectural until the general metabolism of 
pregnancy has been further elucidated. The early 
decline of lipids, if it is verified, may be related 
to vomiting of pregnancy, but this was not con¬ 
spicuous in 43773 (Table I), whose lipids fell 
with the onset of both pregnancies. It has been 
shown that certain estrogenic materials increase- 
the lipids of the serum and livers of rats and guinea 
pigs (15-17). Increases of neutral fat are re¬ 
ported to occur either after meals or when fat is 
being mobilized rapidly from the depots to the 
liver for formation of ketone bodies. It is intrigu¬ 
ing to speculate about the possible connection of 
this phenomenon in pregnancy with the recog¬ 
nized tendency of the pregnant woman to spend 
carbohydrate prodigally and her unusual suscepti¬ 
bility to ketosis. Variability of the decline of lipids 
after delivery may be connected with lactation; but 
no such connection could be discerned in this small 
series of subjects. If the hyperlipemia were re¬ 
lated to the great discharge of estrogenic materials 
that characterizes pregnancy such a delay should 
not be expected. 

The association of hyperlipemia with high 
SPI might be interpreted as evidence of relative 
hypothyroidism. It is conceivable that the de¬ 
mands of the tissues for the thyroid hormone and 
utilization of the hormone are augmented during 
pregnancy and that the increased discharge of the 
hormone manifested in the elevated SPI is not 
sufficient to meet these demands. This is an un¬ 
likely explanation for two reasons. When the 
hyperthyroid patient, 98175, lapsed into overt hy¬ 
perthyroidism, although the lipids fell they still 
remained far higher than they would have been 
in a hyperthyroid nonpregnant woman. More¬ 
over in the hyperlipemia of hypothyroidism neutral . 
fat does not rise (10). 
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SUMMARY AND CONCLUSIONS 

The lipids and precipitable iodine (SPI) of the 
serum of 34 normal women and five women with 
medically treated hyperthyroidism have been meas¬ 
ured at intervals during pregnancy and after de¬ 
livery. There is evidence to suggest that the lipids 
may decline slightly in the early weeks of prcg- 
nacy. After about the 12th week, however, they 
rise progressively until delivery, thereafter de¬ 
clining at a variable rate. In this rise total and 
free cholesterol and phospholipids participate pro¬ 
portionally, maintaining their normal relations 
to one another. Neutral fat, however, rises pro¬ 
portionally far more than the other lipid fractions 
and declines more rapidly than the others after 
delivery. 
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The elaboration of a practical and reliable bio¬ 
logical test for the estimation of vitamin “P” ac¬ 
tivity is the most urgent and important problem 
with which every investigator in this field is con¬ 
fronted. The complexity of the physiological ac¬ 
tivity of flavonoid compounds was responsible for 
the obstacles in finding a satisfactory solution of 
this problem. The attempts to induce experi¬ 
mental avitaminosis “P" gave contradictory ob¬ 
servations making this test unreliable for any 
practical use (1-8). A method was suggested 
for the estimation of vitamin “P” activity by using 
the capillary bed in the rat-mesoappendix, with a 
compound topically applied. It was found, how¬ 
ever, that most of the flavonoid compounds, ex¬ 
cept catechins, did not produce any vasoconstric¬ 
tor effect (9, 10), Considerable work was done 
with the determination of capillary permeability 
by using chloroform wheals applied to the skin 
and simultaneous injections of trypan blue. This 
test pertaining rather to permeability changes than 
to increased capillary fragility has demonstrated 
a great variation in the response of experimental 
animals to the same flavonoid compound (11, 12). 
More recently it was suggested that radiation in¬ 
jury to the capillary wall might serve as a basis 
for the estimation of vitamin “P” activity. Pur¬ 
pura, for which ascorbic acid has proved ineffec¬ 
tive, has been a constant feature of radiation ill¬ 
ness. It has been shown that some flavonoid com¬ 
pounds exert protective action against radiation 
injury to the capillary system (13-18). 

In our present report which covers both ex¬ 
perimental and clinical data particular attention 
was paid to the determination of vitamin “P” ac¬ 
tivity in the condition where increased capillary 
fr^ility rather than permeability changes were 
evidenced. 

* Presented to the Sixth International Congress of 
Radiology, Section of Radiobiology, London, July 27, 
1950. 

-This work was aided by grants from The Marcia 
Tucker Foundation and the U. S. Vitamin Co., New York. 


MATERIAL 

A flavonoid compound isolated from citrus fruit was 
used for our experimental and clinical work. It con¬ 
tained four identified factors; namely, hesperidin-chal- 
cone, glucose-hesperidin chalcone, eriodictin and quer- 
citrin-like substance, which seemed to form a complex 
molecule as U.V. readings have shown. It was a yellow 
powder slightly hygroscopic, with impurity of 0.6%, 
mostly calcium and phosphorus, soluble in water at the 
pH 7.0 or in alkaline medium. It was tested by the 
technique of Ambrose-DeEds (11) by the application of 
chloroform to the skin of rabbits by means of a cotton- 
tipped applicator. We used a dose of 10 mg. per kilogram 
of weight of the flavonoid compound injected subcu¬ 
taneously 20 minutes before the injection of trypan blue 
(10 cc.) in the marginal ear vein and the application of 
chloroform wheal to the skin. The average time of the 
appearance of the dye for 20 rabbits was 42 minutes 54 
seconds as against one minute 57 seconds in the control 
batch of 10 rabbits. These figures when compared with 
those obtained by Ambrose-DeEds with rutin (three 
minutes for control and 15.7 minutes for rutin treated 
rabbits) seem to indicate a higher biological activity of 
the citrus flavonoid compound than that of rutin. 

EXPERIMENTAL 

1. Increased capillary jragility induced by leiiko- 
taxine 

Menkin (19, 20) found that an inflammatory 
exudate induces an increase in capillary permea¬ 
bility. This was manifested by the accumulation of 
trypan blue from the circulation in a cutaneous 
area previously injected with an exudate. This 
effect was likewise duplicated by leukotaxine, a 
nitrogenous substance extracted from inflamma¬ 
tory exudation. The effect of leukotaxine on in¬ 
creased capillary permeability is wholly or in part 
inhibited by the presence of an extract of the 
adrenal cortex. Hyman and Chambers (21) also 
found that adrenal cortical extracts are extremely 
efficient in reducing capillary permeability in per¬ 
fused isolated limbs. According to them, the cor¬ 
tical extracts have no dilator or constrictor action 
and presumably affect the capillary wall directly 
by decreasing the pore size of the intercellular 
cement. 
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TAUL1-; I 

Inhibitory effect of the jlavonoid compound on induced 
capillary permeability 
Rabbits Nos. 37-16 


Rabbits 

Treatment 

Apiicar.incc of ilye 
after injection in 

15 

min. 

20 

min. 

30 

min. 

R. 37, f. 
R. 38, m. 
R. 39, m. 
R. 40, m. 
R. 41, m. 
R. 42, m. 
R. 43, m. 
R. 44, m. 

Flavonoid plus 3 nig. leukotaxine 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

traces 

traces 

0 

traces 

traces 

0 

+ 

0 

traces 

+ 

U 

+ 

Controls 
R. 45, m. 

No flavonoid and 3 mg. leukotaxine 

+ 

+ 4- 

+ + 

R. 46, ni. 


+ 

++ 

-}• + + 


N.B. Diet of rabbits was Purina rabbit chow checkers. 
Ingredients of Purina rabbit chow: Ground oats, corn meal, 
soybean oil meal, linseed oil meal, corn germ meal, dehy¬ 
drated alfalfa meal, wheat gray middlings, animal protein 
factor supplement, riboflavin supplement, D activated 
plant sterol, 2% defluorinated phosphate, .5% iodized salt. 

In our experiments we have studied the effect 
of the flavonoid compound upon the capillary 
changes induced by leukotaxine using Menkin’s 
technique for indicating these changes. Rabbits 
of an average weight of 2 kilograms were given 10 
mg./kilo/weight of the flavonoid compound 20 
minutes before subcutaneous injection of 3 mg. of 
leukotaxine. Immediately afterwards 12 cc. of 1% 
trypan blue in saline solution were introduced in 
the marginal ear vein. The change in capillary 
permeability was gauged by the degree of dye ac¬ 
cumulation in the various skin areas. Altogether 
10 rabbits were used for these experiments. The 
flavonoid compound was injected subcutaneously 
10 mg./kilo/weight, shortly before the injections 
of trypan blue. In Table I the results are sum¬ 
marized. 

It appears that the citrus flavonoid compound 
decreases capillary permeability induced by leuko¬ 
taxine. Its effect is similar in this respect to that 
of adrenal cortical extracts, as compared with the 
data reported by Menkin. 

2. Increased capillary fragility induced by bacterial 
polysaccharide 

The polysaccharide isolated by M. J. Shear 
from Serratia marcescens produces an extensive 
hemorrhage in the tumors of animals and, when 
the dose is sufficiently large, can even cause 
death (22, 23). The striking fact is that normal 


rats and mice are much less susceptible to the toxic 
effect of this compound and can survive a much 
larger dose than can the cancerous animals. Four 
or five hours after the bacterial polysaccharide is 
injected into the cancerous animals, profuse hem¬ 
orrhages are also observed in the adrenal gland. 
When adrenal cortical extract is employed in 
combination with polysaccharide, tumor break¬ 
down is delayed (instead of in six to seven hours it 
might occur in 24 hours) and the effect on the 
adrenal gland is minimized (24). 

For our experiments we used August Rat Car¬ 
cinoma (Crocker Laboratory, Columbia Univer¬ 
sity), a fast growing tumor. As a rule only tu¬ 
mors averaging in size S-9 cm“. were used for ex¬ 
perimentation. When a rat bearing such a tumor 
is given 0.5 mg./lOO g./weight of a bacterial poly¬ 
saccharide (P-25) which we received from Dr. 
Shear, death occurred in about seven hours pre¬ 
ceded by profuse hemorrhage in the tumor. Histo¬ 
logical examination of the tumor, performed every 

TABLE II 


Inhibitory effect of the flavonoid compound on 
induced capillary fragility of tumors 
{bacterial polysaccharide) 


Rat Nos. 

Treatment 

Result: 

death or survival 

P-2S* 

Flavo¬ 

noid 

171-A, 

m. 

0.5 

mg. 

3 mg. 

Death in 17 hrs. 

171-B, 

f. 

0.5 

mg. 

3 mg. 

Death in 22 hrs. 25 min. 

171-C, 

m. 

0.5 

mg. 

3 mg. 

Death in 18 hrs. 

171-D, 

m. 

0.5 

mg. 

3 mg. 

Death in 19 hrs. 10 min. 

171-E, 

m. 

0.5 

mg. 

3 mg. 

Death in 20 hrs. 40 min. 

174-A, 

f. 

0.5 

mg. 

3 mg. 

Death in 19 hrs. 

174-B, 

m. 

0.45 mg. 

3 mg. 

Death in 24 hrs. 30 min. 

174-C, 

m. 

0.5 

mg. 

10 mg. 

Death in 36 hrs. 

174-D, 

m. 

0.5 

mg. 

10 mg. 

Survived 

174-E, 

m. 

0.5 

mg. 

10 mg. 

Death in 52 hrs. 

174-F, 

m. 

0.5 

mg. 

10 mg. 

Survived 

177-A, 

f. 

0.5 

mg. 

10 mg. 

Survived 

177-B, 

m. 

0.5 

mg. 

10 mg. 

Death in 66 hrs. 

177-C, 

f. 

0.5 

mg. 

10 mg. 

Survived 

177-D, 

m. 

0.4 

mg. 

10 mg. 

Survived 

177-E, 

m. 

0.45 

mg. 

10 mg. 

Survived 

177-F, 

m. 

0.5 

mg. 

10 mg. 

Survived 

177-H, 

m. 

0.5 

mg. 

10 mg. 

Death in 26 hrs. 

178-A, 

m. 

0.5 

mg. 

10 mg. 

Survived 

Controls 





178-B, 

m. 

0.5 

mg. 

None 

Death in 6 hrs. 25 min. 

178-C, 

f. 

0.5 

mg. 

None 

Death in 7 hrs. 35 min. 

178-D, 

m. 

0.5 

mg. 

None 

Death in 9 hrs. 

178-E, 

m. 

0.5 

mg. 

None 

Death in 7 hrs. 30 mjn. 

178-F,' 

f. 

0.5 

mg. 

None 

Death in 8 hrs. 20 min. 

178-H, 

m. 

0.5 

mg. 

None 

Death in 7 hrs. 15 min. 


* P-25 is a-preparation of Shear bacterial polysaccharide. 
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TABLE Itl 


Effect of ftatonoid compound on survival oj irradiated rats 


A. Control group of 40 rats (no Jlavonoid) 
Initial average weight; I S3 g. 

Number of days of survival: 11 12 13 

Number of rats succumbed: 13 3 

Mortality rate: 80% 

B. 20 rats given 4 mg. Jlavonoid for JO days 
Initial average wciglU: IS6 g. 

Number of days of survival: 17 18 19 

Number of rats succumbed: 112 

Mortality rate: 40% 

C. 40 rats given 5 mg. Jlavonoid for 30 days 
Initial average weight: 175 g. 

Number of days of survival: 18 19 20 

Number of rats succumbed: 10 0 

Mortality rate: 10% 
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N.B. Basal diet of rats was Purina laboratory chow. Ingredients of basal diet: Meat meal, dried skim milk, 
wheat germ, fish meal, liver meal, dried beet pulp, corn grits, oat middlings, soybean meal, dehydrated alfalfa meal, 
molasses, animal protein factor supplement, riboflavin supplement, brewer's dried yeast, thiamin, niacin, vitamin A 
and D feeding oils, D activated plant sterol, 1% steamed bone meal, 0.S% iodized salt, 0.02% manganese sulfate. 


hour after the injection of the compound, re¬ 
vealed that the capillary system of the tumor was 
first to respond to the toxic effect of polysaccharide 
by steadily increasing bleeding. There seemingly 
was present a gradual increase in capillary fragil¬ 
ity. When a small dose of 3 mg./lOO g./weight of 
the flavonoid compound was given subcutaneously, 
one or two hours before the injection of polysac¬ 
charide, the life of the animal was prolonged up to 
18-24 hours and the capillary hemorrhages con¬ 
siderably delayed and less pronounced. A larger 
dose of the flavonoid, 5 mg./lOO g./weight given 
twice, before and shortly after the injection of 
P-25, prevented in many instances the death of the 
animal. The hemorrhages were still present but 
in a relatively small area and there was a con¬ 
siderable delay in their appearance, in some in¬ 
stances 48 hours after the injection of P-25. In 
the group of rats receiving 3 mg./lOO g./weight 
there was a partial breakdown of the tumor which 
was absent, however, in the majority of the cases 
receiving 10 mg./lOO g./weight of the flavonoid 
compound. 

The following Table II summarizes the results 
of the experiments on 25 rat bearers of tumor (19 
males and six females). 

There seems to be some similarity in the protec¬ 
tive action of the flavonoid against the hemorrhage- 
producing effect of bacterial polysaccharide in tu¬ 
mor-bearing rats with that of adrenal cortical ex¬ 
tracts. The flavonoid compound gives protection 
not only to the capillary system of the tumor but to 
the capillary system of the adrenal gland as well. 


Both cortex and medulla in the animals treated 
with polysaccharide and the flavonoid appear rela¬ 
tively normal with few residual hemorrhages in 
zone X of the cortex. 

3. Increased capillary jragiliiy induced by ioniz¬ 
ing radiation 

In our ne.xt series of experiments, radiation in¬ 
jury to the capillary wall was investigated. Field 
and Rekers (16) in their extensive investigation 
on dogs found that certain flavonoids gave a con¬ 
siderable protection against radiation, and ex¬ 
pressed the opinion that vitamin “P” factors af¬ 
fect the vascular system directly. They concluded 
that: “previous misunderstanding of the nature 
of vitamin ‘P’ has arisen from both the failures 
to recognize that several flavonone analogues pos¬ 
sess very similar anti-hemorrhagic activity and 
that ascorbic acid has the capacity to potentiate ac¬ 
tivity in other flavonones.” 

In our investigation 100 rats, 63 males and 37 
females, were submitted to a total body, near-lethal 
dose of radiation. The average weight of the rats 
was 180 g., ranging from 160 to 205 g. The radia¬ 
tion factors were: 250 kv, with 0.5 mm. Cu and 
3.0 mm. Bakelite Filters. Target distance was 
27.5 cm. and 210 r/min. dose rate. All rats re¬ 
ceived 800 r total body X-radiation in a single e.x- 
posure. Forty rats served as control. The mor¬ 
tality rate in the control group was 80%. Only 
eight rats survived at the end of three weeks. Of 
the treated animals 20 were given 4 mg. of the 
flavonoid compound for 10 days, three daj's prior 
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TAHLE IV 

The proleclive action of the jlavonoid compound against radiation erythema 

M cases 


Case no. 

Diagnosis 

X-r.iy (loaagc 

Elav. cpd. 

Skin rc.iction 

1. 

F—38 

Carcinoma of ccrvi.x 

3,100 r skin dose to 4 pelvic 
fields 

600 mg. 

Minimal skin reaction. 
Nausea and vomiting. 

2. 

M—44 

Carcinoma of gingiva 

3,000 r skin dose to 3 fields 

300 mg. 

No erythema. No nausea 
or vomiting. 

3. 

F—61 

Carcinoma of pleura 

2,900 r to 3 thoracic fields 
4,000 r to cerv. f. 

300 mg. 

No erythema. No nausea. 
Slight tanning. 

4. 

F—32 

Carcinoma of gingiva 

2,600 r to 2 skin fields; 
10,000 gamma 

300 mg. 

No skin erythema, dry ery¬ 
thema of mucous. 

5. 

F—44 

Carcinoma of ccrvi.x 

4,000 r skin dose to each of 4 
pelvic fields 

600 mg. 

No erythema. Bleeding 
arrested. 

6. 

F—50 

Hepatoma 

3,000 r skin dose to each of 4 
abd. portals 

300 mg. 

t 

Mild erythema. No nausea 
or vomiting. 

7. 

F—70 

Carcinoma of ccrvi.x 

3,000 r to each of 4 skin por¬ 
tals 

5,000 r to each of 4 pelvic 
fields 

300 mg. 

Slight nausea. No erythema. 

8. 

F—38 

Adenocarcinoma of rectum 

600 mg. 

No nausea. Slight skin re¬ 
action. 

9. 

M—56 

Metastatic carcinoma 
cervical node 

4,000 r skin dose delivered in 
10 days 

300 mg. 

Slight dry erythema. 

10. 

F—65 

Carcinoma of ovary 

1,800 r to each of 4 abd. fields 

300 mg. 

No erythema. 

11. 

F—45 

Scirrhous carcinoma of 
breast 

3,400 r skin dose to each of 4 
skin portals 

600 mg. 

Slight tanning. Skin intact. 

12. 

F—55 

Carcinoma of cervix 

3,000 r skin dose to each of 4 
pelvic portals 

600 mg. 

No erythema. 

13. 

F—70 

Carcinoma of cervix 

3,100 r skin dose to each of 4 
pelvic portals 

300 mg. 

Mild skin reaction. 

14. 

M—58 

Lymphosarcoma of stomach 

3,200 r skin dose to each of 3 
abdom. portals 

300 mg. 

No erythema. 


to radiation and seven days post radiation. This 
dose gave a partial protection. The mortality rate 
was reduced 40%, with 12 rats surviving the ex¬ 
posure. Forty rats were given 5 mg. of the com¬ 
pound for 30 days, five days prior to the exposure 
and 25 days post radiation, with a total amount of 
150 mg. In this group the mortality rate was re¬ 
duced to 10% with 36 rats surviving. (Table III.) 

From these observations it appears that the 
citrus flavonoid compound gives considerable if 
not complete protection to rats against a total 
body, near-lethal dose of radiation. 

CLINICAL 

Roentgen sickness is a syndrome in which many 
factors seem to be involved. It was reported that 
vomiting and nausea can be alleviated by the use of 
some antibiotics (aureomycin) and the opinion was 
expressed that these manifestations are partially 
due to bacterial infections controlled by antibiotic 
substances (25). In our clinical studies particu¬ 
lar attention was paid to radiation erythema and 
the biological activity of the flavonoid compound 
was measured in terms of prevention of the ery¬ 
thematous response. The present report covers 92 
patients submitted to large doses of radiation and 


receiving the flavonoid compound. The prepara¬ 
tion was administered orally, 300-500 mg./day 
for five days prior to the exposure and during the 
whole course of radiotherapy. Table IV presents 
the results of the investigation conducted by Dr. 
Isidore Arons, Department of Radiotherapy, Har¬ 
lem City Hospital, New York City. 

From this preliminary clinical report it appears 
that the flavonoid compound prevents to a con¬ 
siderable degree the appearance of radiation ery¬ 
thema, while nausea and vomiting might persist 
in spite of flavonoid therapy. 

DISCUSSION 

All the available evidence indicates that the 
capillary wall in normal tissue is comparatively 
impermeable both to serum albumin and to serum 
globulin. Consequently the average effective pore 
size of the capillary wall must be less than six milli¬ 
microns. It has been suggested that pore size is 
confined by the intercellular cement lying between 
the endothelial cells. It is known from the work 
of Chambers and Zweifach and others (26, 27) 
“that the intercellular cement dissolves under cer¬ 
tain physical conditions such as the absence of 
calcium or at slightly acid pH. J. F. Danielli 
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pointed out that: “It is quite certain that anything 
which affects the physical condition of the inter¬ 
cellular cement affects the pore size” (28). This 
in turn will affect the effectiveness of the pores 
as “perfect sieves” and consequently induce what 
we know as increased capillary fragility. Accord¬ 
ing to Danielli “under normal conditions associ¬ 
ated with increased capillary permeability the walls 
of the pores through this cement are coated with a 
layer of adsorbed serum protein which effectively 
reduces the area of pore through which filtration 
may occur.” Displacement of this adsorbed serum 
protein by other molecules of small diameter may 
result in an increase in pore size and in a conse¬ 
quent injury to the capillary wall. 

This basic concept of capillary pathology indi¬ 
cates the necessity of making a clear distinction 
between increased capillary permeability and capil¬ 
lary fragility. The latter term should be used only 
in those cases where chemical lesions in the capil¬ 
lary wall, or more specifically in the intercellular 
cement, are present. 

As Haden, Schneider and Underwood have 
shown (29) capillary injury “is by far the most fre¬ 
quent cause of clinical hemorrhagic disease” and 
this injury “may be due to infection, drugs, toxe¬ 
mia, allergy, or nutritional disturbances.” They 
pointed out that increased capillary fragility is 
due to changes in the intercellular cement sub¬ 
stance or to primary damage to the endothelial 
cells. 

In our present work we have demonstrated that 
the flavonoid compound gave considerable protec¬ 
tion against the toxic effect of leukotaxine, bac¬ 
terial polysaccharide and ionizing radiation. In 
all these instances an increase in capillary fragility 
was prevented by the administration of this com¬ 
pound. Although the mechanism of action of the 
flavonoid compound is not as yet explained we are 
inclined to agree with Field and Rekers that vita¬ 
min “P” factors affect the capillary system directly, 
perhaps participating as a principal in the “wear 
and tear” of a part or all of the capillary system, 
inhibiting its degeneration and taking part in its 
regeneration, specifically as far as the intercellu¬ 
lar cement is concerned. Seemingly vitamin “P” 
activity is most evident when chemical lesions in 
the capillary wall are present and increased capil¬ 
lary fragility exists. 


SUMMARY 

1. A flavonoid preparation from citrus fruit and 
containing four identified factors was tested, ex¬ 
perimentally and clinically, on its biological ac¬ 
tivity. 

2. Ten mg./kilo/weight of this mixture admin¬ 
istered to rabbits 20 minutes before subcutaneous 
injection of 3 mg. of leukotaxine wholly or in part 
inhibited the effect of this inflammatory exudate 
factor on capillary permeability. 

3. Ten mg./lOO g./weight of this material pro¬ 
tected to a considerable degree the capillary system 
of August Rat Carcinoma and of the adrenal gland 
of cancerous rat against the toxic effect of 0.5 mg. 
of bacterial polysaccharide. 

4. Five mg. of this preparation administered 
orally for 30 days, five days prior to the exposure 
and during 25 days post radiation, gave a con¬ 
siderable but not complete protection against a 
total body, near-lethal dose of X-ray radiation. 
The mortality rate in the group of 40 irradiated 
rats was reduced to lO^fc as against 80^ of mor¬ 
tality in the control batch of 40 irradiated rats. 

5. Ninety-two patients submitted to deep X-ray 
therapy and given the mixed flavonoids for five 
days prior to the exposure and during the whole 
period of radiotherapy, 300-600 mg./day, orally, 
manifested considerable diminution in radiation 
erythema of the skin and in some cases a complete 
absence of it. Nausea and vomiting, however, 
persisted in some of the treated patients. 
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The arterial pressure is kept at a nearly constant 
level in normal man by simultaneous adjustments 
of the cardiac output and calibre of the arterioles. 
The normal response on motionless standing is 
arteriolar constriction and a moderate fall in car¬ 
diac output. The arteriolar constriction is usually 
sufficient to prevent a fall in mean pressure. In 
certain persons a marked fall in arterial pressure 
occurs on motionless standing. The purpose of 
this study is to evaluate the relative importance of 
an abnormal decline in cardiac output and of a 
failure of normal vasoconstriction in producing the 
fall in arterial pressure. 

METHODS 

Among the 12 patients studied, postural hypotension 
was idiopathic in three, associated with diabetes mellitus 
in five, with tabes dorsalis in two, with probable syringo¬ 
myelia in one, and followed bilateral sympathectomy (T, 
through Li) for hypertension in one case.® All subjects 
were studied in the morning, usually after a light break¬ 
fast Observations were made on a tilting table in the 
supine position, and at a foot-down angle which was usu¬ 
ally 60° from the horizontal. In the latter position the 
patient was supported by a foot-plate. The tilted posi¬ 
tion was maintained for three to four minutes before be¬ 
ginning air collection for determination of oxygen con¬ 
sumption. The air collection usually occupied two min¬ 
utes, and toward the end of this time blood samples were 
drawn and pressure measurements were begun. The 
total duration of tilt was seven to eight minutes. The time 
allowed for adjustment to the tilted position is therefore 
quite short. However, if more time is allowed to reach 
a steady state during the tilt, there is danger of collapse. 
None of these subjects showed evidence of impending col¬ 
lapse. In one subject (J. D.) A-V blood oxygen differ¬ 
ences were determined three minutes apart during the tilt, 
and in two subjects (C. G. and J. P.) duplicate venous 
samples were taken approximately one minute apart 

^ This work was supported by a grant from the Life 
Insurance Medical Research Fund and the Aima H. 
Hanes Memorial Fund. 

- U. S. Public Health Service Postdoctorate Research 
Fellow. 

® This patient was studied through tire courtesy of Dr. 
Keith Crimson, Department of Surgery, Duke University 
School of Medicine. 


(before and after drawing the arterial sample). The re¬ 
sults, presented in Table I, do not indicate rapid shifts 
in A-V oxygen difference during the period of measure¬ 
ment. 

Albumin infusion consisted of 75 gm. of human serum 
albumin ‘ made up with normal saline to a volume of 1,300 
cc. and given intravenously within a period of IS minutes. 

Cardiac outputs were determined by the Fick principle 
following intracardiac catheterization (1). Mixed venous 
blood was obtained from the atrium or the pulmonary ar¬ 
tery ; arterial blood, from the brachial artery through an in¬ 
lying needle. Blood oxygen contents were determined by a 
spectrophotometric method (2) or by the method of Van 
Slyke and Plazin (3). In the latter case, duplicate analy¬ 
ses were required to check within 0.1 vol. %. With the 
spectrophotometric method, duplicate determinations are 
not in general done because of the simplicity of- the tech¬ 
nique. Repeated determinations of arterio-venous oxy¬ 
gen difference on the same blood samples yield results 
within 0.2 vol. %, unless the hemolyzed samples are 
grossly turbid. All samples are checked for turbidity be¬ 
fore reading. Spectrophotometric oxygen determinations 
were made in subjects J. D., C. G., C. C., J. P., and C. B. 
Oxygen consumption was measured by timed collection 
of expired air in Douglas bags, analysis in the Haldane 
apparatus, and volume measurements in a Tissot spirom¬ 
eter. Intracardiac and arterial pressures were measured 
by Hamilton manometers. The point of zero reference was 
5 cm. below the fourth costochondral junction in the su¬ 
pine position and in the two instances where measure¬ 
ments were made at —30° (head down). In the upright 
tilts the zero point was taken at the fourth costochondral 
junction. Mean arterial pressures were obtained by 
planimetry. 

"Calculated resistance” is expressed as the ratio be¬ 
tween mean arterial pressure in mm. Hg and cardiac in¬ 
dex in liters per minute per square meter of body surface. 
This is a general form for the expression of resistance 
(4). In the present study it is intended to serve as a rough 
index of over-all changes in the arteriolar system of a 
given subject. A rise in the function is taken to indicate 
over-all narrowing of the arteriolar bed, while a fall in¬ 
dicates dilatation. For this purpose it must be admitted 
that the function is quite imperfect. In the study of re¬ 
gional vascular changes, the general expression for re¬ 
sistance has been refined by corrections for yield pres¬ 
sure and viscosity (5). It is uncertain how much gain 
in reliability would be achieved by the application of 
these corrections in the present study. A major uncer- 

’* Supplied by the American Red Cross. 
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tainty arises because comparisons are made of resistances 
in different body positions. Tlie change from supine to 
tilted position causes a change in distribution of blood 
flow to the body, with a resultant change in the contri¬ 
bution of different vascular regions to the total resistance. 
Since resistance is affected by local factors sticl) as 
length of small vessels and tissue pressure, and since the 
influence of these factors is altered by a change in distri¬ 
bution of flow, even the refined formula may not well re¬ 
flect arteriolar changes in this particular situation. For 
this reason the general expression is used. Its limita¬ 
tions are emphasized by terming it "calculated resist¬ 
ance." The function is studied only as it changes with 


body position in a given individual. Direct comparisons 
of calculated resistance are not made between different 
subjects, nor are resistances compared in the same sub¬ 
ject before and after the administration of albumin. 

KESULTS 

The data are presented in Table I.'' The last 
two cases in the table, G. G. and T. I., usually had 

•' Observations on J. A. were made by Drs. Ebert and 
IJorden of Minneapolis, Minnesota, wiio kindly made tlie 
data available for jiresentation in this paper. 
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Female. 65, Idiopathic 
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postural hypotension 
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93 
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22 
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C. C. 

Male, 60, Diabetes, 

Flat 

-4 

191 

94 

130 

32 

19.1 

14.4 

4.7 

193 

4.1 

113 

74 

112 

66 


postural hypotension 
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-6 

128 

82 

96 ; 

36 

17.8 

11.0 

6.8 

186 

2.7 

126 

mm 

Male, 43, ? Syringomyelia, 

Flat 
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Male, 46, Diabetes, 

Flat 

0 

147 

80 

111 

33 

15.1 

10.3 

4.8 

163 


77 

83 

91 

91 


postural hypotension 

60® 

0 

120 

76 

92 

30 

15.1 

9.8 

5.3 

162 

SI 

103 

R. S. 

Male, 25, Hypertension, 1 

Flat 


141 

82 

107 

30 

19.3 

15.1 

4.2 

151 

3.6 

47 

77 

no 

70 


four years post¬ 
sympathectomy 

60® 
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114 

1 

71 

82 

33 

19.5 

13.8 

5.7 

141 

2.5 

75 



_ - 

J.A. 

Male, 49, Idiopathic 

Flat 
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■ 
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77 

17 

19.3 
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2.9 

137 

4.6 


82 

176 

46 

postural hypotension 

70® 

■ 

■ 

■ 

63 

30 

19.6 

13.1 

6.5 

138 

2.1 

Mil 

C. H. 

Male, 62, Idiopathic 

Flat 

0 

168 

83 

* 117 

33 

16.8 

12.5 

4.3 

151 

3.5 

71 

56 

112 

51 

40 

postural hypotension 

60° 

-5 

85 

56 

1 66 

37 

17.7 

9.0 

8.6 
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1.8 
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15.4 
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133 
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79 
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69 
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A. B. 

Male, 37, Diabetes, 

Flat 


132 

85 

103 

37 


14.6 

5.1 

142 

2.8 

91 

ss 

103 

54 


postural hypotension 



72 

46 

57 

38 


9.7 

10.2 

149 

l.S 

104 


After 75 gm. albumin in 

Flat 


167 

94 

123 

23 


12.7 

2.6 

140 

5.4 

99 

88 

187 

46 


1,300 cc. saline 

60° 


140 

92 

108 

43 


10.5 

5.4 

137 


92 

L. M. 

Female, 36, Tabes, 

Flat 


173 

117 

143 

26 

12.6 

9.6 

3.0 

163 


103 

40 

85 

47 


postural hypotension 

60® 

-3 

74 

45 

57 

22 

13.2 

6.9 

6.3 

167 


118 


After 75 gm. albumin in 

Flat 

-1-8 

151 

101 

125 

21 

10.6 

7.5 

3.1 

186 


103 

123 

157 

77 


1,300 cc. saline 

60® 

0 

189 

127 

154 

33 

11.2 

7.S 

3.7 

173 

Bfl 

144 

G. G. 

Male, 30, Diabetes, irregu- 

Flat 

-1 

99 

61 

75 

17 

15.9 

12.4 

3.5 

mm 

4.3 

90 

91 

200 

47 

lar postural hypotension 

60® 

-7 

85 

60 

68 

34 

16.9 

7.8 

9.1 

177 

2.0 

123 


After 75 gm. albumin in 


+8 

117 

70 

89 

17 

13.2 

9.8 

3.4 

177t 

5.2 

83 

91 

141 

65 


1,300 cc. saline 


-2 

108 

64 

80 

24 

12.9 


5.2 

179 

3.4 

94 


Separate study 


0 

-1 

115 

107 

67 

78 

88 

88 

19 

42 

17.2 

17.9 

if 

4.1 

8.0 

192 

169 

4.7 

2.1 

95 

125 

100 

220 

45 

T. I. 

Male. 29, Tabes, irregular 

Flat 

-n 

121 

72 

92 

30 

18.7 

14.7 

4.0 

123 

123t 

3.1 

2.6 

3.1 

3.4 

103 

123 

114 

109 

103 

123 

84 

postural hypotension 

60° 

-2 

118 

80 

95 

37 

18.9 

14.1 

4.8 



After 75 gm. albumin in 
1,300 cc. saline 

Flat 

60® 

-1-6 

+5 

155 

151 

87 

89 

114 

115 

37 

34 

14.6 

14.8 

10.6 

11.4 

4.0 

3.4 

l.iS 

115 

101 

92 

no 


♦ Samples collected approximately one minute apart, 
t Calculation employs preceding oxygen consumption. 
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Fig. 1. Effect op Change from Supine to Upright 
Position on Cardiac Output, Mean Arterial Pres¬ 
sure, AND Calculated Resistance 

The resting, supine state of each subject is represented 
by the origin. Each plotted point represents a determina¬ 
tion in the tilted position. Changes in output, mean ar¬ 
terial pressure, and calculated resistance ate expressed 
as percentage deviations from the resting levels, which 
are taken to be 100%. Arrows connecting two points 
indicate that an albumin infusion has been given to a 
particular subject The point toward which the arrow 
is directed represents the effect of tilt after infusion, as 
referred to measurements in the supine position, also 
after albumin. 

severe weakness and giddiness in the upright posi¬ 
tion, often had marked postural hypotension, but 
showed little or none during the study. These pa¬ 
tients had no varicosities or other known anatomi¬ 
cal abnormalities interfering with venous return. 
They are classified as having “irregular postural 
hypotension.” 

An. over-all view of the results is provided by 
Figure 1. In this figure the resting, supine state 
of each subject is represented by the origin. 
Changes in cardiac output, mean arterial pressure, 
and calculated resistance during tilt are expressed 
for each subject by the location of a point indicating 
percentage deviation from the resting levels, which 
are taken to be 100%. Each plotted point repre¬ 
sents a determination in the tilted position. Where 
two points are connected by an arrow, they both 
represent the same subject and indicate that an al¬ 
bumin infusion has been given. The point toward 
which the arrow is directed represents the condi¬ 
tion during tilt after albumin has been given. 
These points, like the others, indicate percentage 
change from control measurements in the supine 


position. After the administration of albumin new 
control measurements were made in the supine 
position. The values obtained in the subsequent 
tilt were referred to these new control values. 

In Figure 1, the average normal postural reac¬ 
tion would be represented by a region directly be¬ 
low the origin centering about the 75% level on 
the cardiac output axis. This corresponds to a 
maintenance of the resting mean arterial pressure, 
a fall of 25% in cardiac output, and an increase of 
about 33% in calculated resistance (6, 7). 

The two subjects with “irregular postural hy¬ 
potension” are represented in Figure 1 by open 
circles. One of these (T. I.) fell within the normal 
range, since he maintained his pressure and had 
only a small decline in output on tilt. The other 
(G. G.), who was studied twice, showed little or 
no pressure drop on tilt, but had a very large fall 
in cardiac output. Consequently, this subject had 
a great increase in calculated resistance during tilt. 
In terms of maintaining arterial pressure, both of 
these subjects at the time of study had an ade¬ 
quate vasoconstrictor response to a drop in cardiac 
output. 

The other ten subjects are represented in the 
figure by solid circles. Eight of these showed 
little change in calculated resistance during tilt. 
In very broad terms, the greater the fall in cardiac 
output, the greater was the drop in arterial pres¬ 
sure, expressed as percentages. In three of these 
subjects (A. B., C. H., and L. M.) both cardiac 
output and arterial pressure fell below 60% of the 
resting levels. 

The remaining two subjects show wide devia¬ 
tions from this broad picture. J. A. bad a large 
drop in cardiac output but only an 18% decrease 
in pressure. There was a large rise in calculated 
resistance. His behavior is quite like that of G. G., 
who was classified as "irregular postural hypoten¬ 
sion.” The difference in classification, which is 
somewhat artificial, is based on the clear failure of 
the present subject to maintain his, pressure on tilt 
at the time of study. The other subject, J. D,, had 
the severest postural hypotension of the group. 
She often fainted in a chair. This patient had the 
greatest percentage fall in pressure on tilt, but 
there was little decline in output. There was a 
large decrease in calculated resistance. When this 
patient was tilted 30° head down there was a mod¬ 
erate fall in pressure despite an increased cardiac 
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output. Again, there was a sizable drop in cal¬ 
culated resistance. The other patient (C. G.) who 
was tilted head down showed no change in output, 
pressure, or resistance. 

In four subjects (C, G., C, C., J. A., and G. G.) 
the resting cardiac index was between 4,0 and 5.0, 
and in one (L. M.) it was 5.5. The largest cardiac 
index falls of the group occurred in three of these 
subjects during tilt. This suggests that anxiety 
may have played a part in some of the postural 
reactions. 

Albumin was given to five subjects. In all cases 
the absolute values of cardiac output and arterial 
pressure were distinctly higher in the tilted posi¬ 
tion after albumin than in the tilted position before 
albumin. In four cases (A. B., L. M., G. G., and 
T. I.) data are available to describe the changes on 
tilt after albumin in terms of percentage deviation 
from the resting level. The results are represented 
in Figure 1 by the points toward which arrows are 
directed. The two patients with “irregular” pos¬ 
tural hypotension (G. G. and T. I.) continued to 
maintain their blood pressures during tilt as they 
had before albumin. As compared with the pre¬ 
albumin state, the cardiac outputs were relatively 
higher and the increase in resistance relatively 
less. In the other two patients, who had well- 
marked postural hypotension, the most striking 
change after albumin was the improvement in 
maintenance of arterial pressure during tilt. One 
subject showed a much smaller percentage fall in 
output than before; the other had a slightly greater 
percentage fall. Before albumin, neither subject 
had much change in calculated resistance during 
tilt. After albumin both cases showed a well- 
marked increase in calculated resistance during 
tilt. The increase in calculated resistance was un¬ 
expected. It suggests an increase in arteriolar 
reactivity after albumin, but the expression for re¬ 
sistance is not sufficiently exact to make this secure. 

DISCUSSION 

In the over-all view, significant postural falls 
in blood pressure were more consistently associ¬ 
ated with failure of normal arteriolar constriction 
(as indicated by lack of increase in calculated re¬ 
sistance) than with abnormal decline in cardiac 
output. With a single exception, the subjects 
with significant postural hypotension showed on 


tilting a very minor increase in peripheral re¬ 
sistance or an actual fall. This is in general agree¬ 
ment with the findings of Stead and Ebert (8), 
who concluded on other grounds that failure of 
arteriolar constriction in response to a fall in blood 
pressure is fundamental to the production of pos¬ 
tural hypotension. A similar conclusion^ was 
reached by Ellis and Playnes (9), who measured 
the cardiac output of two subjects by the acetylene 
method and found no more than a normal decrease 
in the tilted position. 

One subject (J, D.), who had the most severe 
postural hypotension of the group, showed a con¬ 
siderable fall in calculated resistance on being tilted 
in either direction. The mechanism of this fall is 
not clear. It may result from passive dilatation of 
arterioles below heart level under increased hy¬ 
drostatic pressure, thus providing a wide outflow 
bed. This possibility was suggested by Ellis and 
Haynes. 

The postural fall in cardiac output was variable. 
From inspection of Figure 1 it is apparent that sig¬ 
nificant postural hypotension can occur without 
a greater than normal fall in cardiac output, and 
that a very large postural fall in cardiac output can 
occur without a significant drop in blood pressure. 
However, large pressure drops are often associated 
with large drops in output. The increase in ac¬ 
tual output of tilted subjects after albumin sug¬ 
gests that these large output falls resulted from 
an inadequate venous return to the heart. The 
most apparent cause for inadequate return is ab¬ 
normal dilatation of the venous system under 
pressure. Filling this system with a larger blood 
volume would improve venous return to the heart. 
Normally, the venous system resists passive dila¬ 
tation under hydrostatic pressure in the upright 
position, and venous return is well maintained. 

Active venous constriction is a familiar re¬ 
sponse to circulatory inadequacy, as in shock and 
congestive heart failure. It can occur rapidly in 
acute pericardial tamponade (10). It is quite 
possible that an increase in venous tone is an im¬ 
portant, normal response to assuming the upright 
position. The present results suggest that such a 
response would assist in maintaining the cardiac 
output, just as arteriolar constriction maintains the 
blood pressure. 



CARDIAC OUTPUT IN POSTURAL HYPOTENSION 


405 


SUMMARY AND CONCLUSIONS 

1. Observations have been made on postural 
reactions of cardiac output and blood pressure in 
12 subjects with postural hypotension. 

2. \Ve\\-marhed and even extreme postural hy¬ 
potension can occur on the basis of failure of ar¬ 
teriolar constriction with no more than a normal 
postural decrease in cardiac output. Slight to 
moderate falls in mean arterial pressure have been 
observed in subjects with very large postural falls 
in cardiac output and large, though not completely 
compensatory, increases in calculated resistance- 
However, large postural falls in arterial pressure 
were often associated with large falls in cardiac 
output. In these cases the calculated resistance 
showed little change on tilt. 

3. Large infusions of human serum albumin 
were given in five cases. In each case there was 
an increase in cardiac output in the tilted position 
as compared with the cardiac output in the tilted 
position before albumin infusion. Arterial pres- 
sure was well maintained during tilt. In two cases 
the response of calculated resistance to posture 
was greatly increased by the infusion. In two 
cases, the response was decreased. 

4. The data suggest that postural hypotension 
is primarily dependent upon inadequate arteriolar 
tone in the upright position. The degree of pos¬ 
tural hypotension is often intensified by a large 
postural fall in cardiac output. It is suggested 
that this may result from an associated deficiency 
in venous tone. 
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The development of synthetic analgesics and de¬ 
rivatives of morphine has focused much attention 
on analgesic testing methods (1). Goetzl, Burrill 
and Ivy in 1943 abstracted from the literature 75 
different methods of quantitative measurement of 
the pain threshold (2). Pain producing stimuli 
were divided into mechanical, thermal, chemical 
and electrical, and all have been used on experi¬ 
mental animals as well as human volunteers. 
These various stimuli have been applied only to 
integumental structures, such as skin, lips, teeth 
and cornea (3, 4). It is generally recognized that 
visceral pain is a different sensation, elicited only 
by a special set of stimuli and mediated to the cen¬ 
tral nervous system through different pathways 
(5). Little work has been done in the field of vis¬ 
ceral algesimetry. Our present evaluation of the 
effectiveness of various analgesic drugs is based 
partly on clinical impressions and partly on the as¬ 
sumption that an analysis of response to superficial 
pain provides an evaluation which also holds true 
for “deep” or visceral pain (6, 7). 

Many of the notorious difficulties of integu¬ 
mental pain threshold determination apply equally 
to visceral pain. Added to these is the obvious 
difficulty of inaccessibility of visceral organs. 
Furthermore, viscera do not respond to the more 
easily quantitated thermal and electrical stimuli. 
They respond to only one special mechanical stim¬ 
ulus, that of stretch. From available data it is 
apparent that visceral pain responses, when ob¬ 
tained, vary a great deal more in intensity,' quality 
and localization than pain responses from integu¬ 
mental structures. In spite of this, a number of 
valuable investigations has been made concerning 
localization of pain produced by distention of vari¬ 
ous portions of the gastro-intestinal tract with 
balloons. 


Quantitative studies of deep analgesia were con¬ 
ducted by Wolff, Plardy and Goodell (6) and Har¬ 
rison and Bigelow (7) using the method of Lewis, 
Pickering and Rothschild (8) by which pain is 
produced by the rhythmic contraction of ischemic 
muscle of the forearm. From these studies it was 
concluded that the effects of analgesics on deep 
pain are similar to those on superficial pain. 

The threshold raising effects of narcotics on 
visceral pain were noted in trained dogs by Yonk- 
man (9). Wolff, Hardy, and Goodell have stud¬ 
ied qualitative effects of opiates on visceral pain 
in man by distending balloons in the duodenum for 
40 minutes (6). 

The gall bladder and biliary tract, though ordi¬ 
narily inaccessible, become a fertile region for vis¬ 
ceral pain studies after surgical drainage and in¬ 
tubation of any portion of this system. Localiza¬ 
tion of referred pain from the gall bladder has 
been studied by distending this organ during 
cholecystectomy (10, 11), by distending the gall 
bladder and common bile duct during abdominal 
operations under local anesthesia or after general 
anesthesia had worn off (12), and by faradic stim¬ 
ulation of the common bile duct through an elec¬ 
trode incorporated' in a common duct catheter 
(13). Layne and Bergh studied the duration of 
biliary pain as related to biliary spasm by increas¬ 
ing the intrabiliary pressure with saline solution 
through a common duct tube (14), and White 
using the same technique investigated the effect of 
splanchnicectomy on biliary pain (15). 

McGowan and associates observed intrabiliary 
pain and pressures in patients after choledochos- 
tomy by connecting the T-tube in the common bile 
duct to a manometric system filled with sterile sa¬ 
line solution (16, 17). From these studies they 
evolved criteria for removal of the T-tube. One of 
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these criteria was that the “perfusion pain pres¬ 
sure” produced by external elevation of the hy¬ 
drostatic pressure within the biliary system should 
be over 500 mm. of water. They felt that pain 
sensations at lower hydrostatic pressures indicated 
residual cholangitis. McGowan and the author 
have utilized these post-operative studies for in¬ 
vestigation of a variety of drugs thought to have 
spasmolytic action on the biliary tract (18-20). 
Opiates and synthetic analgesics were frequently 
given during the course of these studies for the 
production of artificial biliary and duodenal spasm. 
These drugs were found to raise the “perfusion 
pain pressure” and the elevation was roughly pro¬ 
portional to the potency and the dosage of the 
drug. This suggested the use of the T-tube as a 
pathway to visceral algesimetry. 

METHOD 

Forty patients volunteered for this study following 
surgical exploration and intubation of the common bile 
duct Of these, 38 also had the gall bladder removed; 
one patient merely had an exploration and intubation of 
the common duct and one patient had an exploration of 
the common duct with a long arm of the T-tubc placed 
through the sphincter of Oddi into the duodenum (Table 

I). 

The original method of McGowan, Butsch and Walters, 
proposed for intrabiliary pressure recording was em¬ 
ployed (16). Two weeks or more after operation, pa¬ 
tients were placed in the supine position and the T-tube 
emerging from the abdomen was connected to a three 
way manometric system. One limb was connected to an 
infusion bottle containing sterile saline solution. This 
permitted filling of the entire system and the biliary ducts 
with solution. The second limb was connected to a 
short manometer with a small glass bubble as float ar¬ 
ranged to record biliary pressures on a slowly revolv¬ 
ing smoked drum. The third limb was connected to a 
long manometer graduated in mm. which permitted read¬ 
ing of" hydrostatic pressures when the infusion bottle was 
connected to the system and elevated. At times this third 
water manometer was replaced by a mercury manometer 
arranged to record pressures on the smoked drum. For 
all pressure recordings the patients’ xyphoid process was 
chosen arbitrarily as the reference zero point 
The pain threshold was obtained in the following man¬ 
ner: The resting-pressure manometer,' being too short 
for recording of pressures over 250 mm. of water was 
momentarily cut off from the circuit and the infusion 
bottle was introduced to the system. The bottle was 
then slowly raised behind a screen to prevent patients 
from observing its height. Patients were asked to call 
out when the first painful sensation was noted. The in¬ 
trabiliary pressure was recorded at this level by direct 
reading or by the mercury manometer on the smoked 


drum. The resting pressure manometer was then sub¬ 
stituted for the infusion bottle into the circuit. After 
each threshold determination, patients were asked to 
describe tlie quality, intensity and location of the sensation. 

Not all patients tested were suitable subjects jar re¬ 
peated pain threshold recordings. Of the 40 patients who 
volunteered only 32 could be called upon for further stud¬ 
ies. Unsuitable subjects could be divided into three 
groups. Three patients experienced no sensation of any 
kind up to pressures of 1,000 mm. of water. Higher pres¬ 
sures were never used. Sufficiently high pressures to 
cause pain could never be obtained in one patient where 
the long arm of the T-tube was in the duodenum since 
infusion fluid flowed into the intestine too rapidly for 
pressure elevation to develop. In four patients, colicky 
abdominal pain was easily induced by increased pressures 
but unlike most patients the pain did not subside together 
with the fall in intrabiliary pressure. In three patients, 
colicky pain persisted for five to 10 minutes in spite of 
normal intrabiliary pressures and medication was re¬ 
quired to stop the persistent pain of the fourth patient. 
These patients were unsuitable for repeated pain level 
recordings and incidentally only these four patients were 
unwilling to continue with further experiments. 

Resting biliary pressures were recorded for 30 min¬ 
utes. During this time control pain thresholds were re¬ 
corded at least three times. These usually checked within 
30 mm. of water (Table I). Rapid elevation of the in¬ 
fusion bottle tended to result in slightly higher threshold 
readings. In later experiments, the speed of pressure 
elevation was standardized to 30 mm. per second so 
that even the highest threshold elevations could be ob¬ 
tained in 30 seconds. 

After 30 minutes, the analgesic drug to be tested was 
given by the parenteral route. Pain threshold recordings 
were made 15 and 30 minutes and one, two and three 
hours after injection. Occasionally in cooperative patients, 
thresholds were determined at more frequent intervals. On 
other occasions experiments were prolonged to four and 
five hours. 

Treat7nent of data: Both the spontaneous or resting 
intrabiliary pressure and the pressure sufficient to cause 
pain were measured in mm. of water with the patients’ 
xyphoid process as the zero reference point. Resting 
pressure elevations due to the spasmogenic effect of drugs 
were expressed as elevation in mm. of water since initial 
resting pressures in patients without biliary sphincter ob¬ 
struction varied little between 10 and 50 mm. of water 
(16, 18, 19). Pain threshold elevations due to the anal¬ 
gesic effects of the drugs were measured both in mm. of 
water and as per cent elevation. The latter form was more 
useful since initial control pressures necessary to cause 
pain varied from 90 to 800 mm. of water. 

Another value, representing the total analgesic effect 
of the drug, was obtained by measuring the area under 
the time-action curve (6). This reflected both the thresh¬ 
old raising activity and the duration of action. The unit 
for this measure of activity was “per cent-hours.’.’ 

Peak resting pressures were obtained from the highest 
point of the kymograph tracings. Peak pain threshold 
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levels were the highest tlircsholds measured during a three 
to four hour period of study. For calculation of the 
average result of several patients the arithmetic mean 
was used. 

RESULTS 

Character and location of pain: Hydrostatic dis¬ 
tention of the biliary ducts with pressures up to 
800 mm. of water caused some pain sensation in 
36 of 40 patients (Table I). The quality and in¬ 
tensity of the pain was described as sharp, stab¬ 
bing or colicky by 17 patients and was called dull 
or just an "ache” by 17 other patients. Only two 
patients noted discomfort which they could not 
actually call pain with no further increase of this 
unpleasant sensation up to pressures of 1,000 mm. 
of water. 

The sensation was well localized in 27 patients, 


usually in the right upper quadrant of the abdomen 
(23 patients) and occasionally in the epigastric re¬ 
gion (4 patients). Five subjects reported pin 
point localization at a point just below the costal 
margin in the midclavicular line. The sensation 
had a more vague distribution in nine patients; it 
was referred to the entire abdomen by three and to 
the upper part of the abdomen by si.x. Some radi¬ 
ation to the back was noted by nine patients; this 
radiation was never well localized and usually re¬ 
ferred to the right upper part of the back. Pain 
chiefly on the left side over the precordium or radi¬ 
ating down the arm was never reported. 

There appeared to be no relationship between 
the quality and intensity of the preoperative pain 
and the type of pain sensation reported with these 
experiments. There was a definite relationship 


TABLE I 


Location and character of induced biliary pain and its relation to preoperative pain 


Case 

No. 

Age 

Sex 

Duration 
of Intu¬ 
bation 

No. of 
exper¬ 
iments 

Postopera¬ 
tive pain 
tbreslioid 

Final 

pain 

threshold 

Location of preoperative pain 

Experimental threshold 
location 

1 

29 

F 

3 months 

5 

440-450 

620-630 

Epigastrium and back 

Epigastric and infrascap 

2 

58 

F 

50 days 

6 

t 350 

500 

Right upper quadrant 

Right upper quadrant 

3 

71 

M 

3 months 

6 

700 

700-720 

Right upper quadrant 

Right upper quadrant 

4 

55 

F 

2 months 

7 

620-650 

700-710 

None, nausea, vomiting 

Right upper quadrant 

S 

50 

F 

40 days 

7 

- 700 

1 700 

Right upper quadrant 

Right upper quadrant 

6 

23 

F 

49 days 

7 

90-100 

260-265 

Right upper quadrant 

Right upper quadrant 

7 

62 

M 

26 days 

4 

'400-430 

700-720 

Generalized abdominal 

RUQ and epigastric 

8 

40 

F 

29 days 

9 

320-330 

I 600 

None, vomiting and jaundice 

Right subcostal 

9 

32 

F 

43 days 

4 

' 380 

’ 510 

Entire abdomen 

RUQ and infrascapular 

10 

55 

M 

17 days 

4 

310-330 

400-430 

Painless jaundice 

Upper abdomen 

11 

66 

F 

22 days 

4 

450-460 

470 

Upper abd., rad. to back 

RUQ radiating to back 

12 

67 

F 

22 days 

1 

— 

— 

Right upper abdomen 

Lasting pain spasm 

13 

66 

M 

63 days 

7 

260-270 

290-300 

Upper abdomen 

Upper abdomen 

14 

67 

F 

6 months 

3 

280-300 

400 

Sharp, rt. upper abdomen 

Right upper quadrant 

IS 

53 

F 

18 days 

1 

— 

500-520 

Rt. upper abd., rad. to back 

RUQ radiating to back 

16 

37 

M 

68 days 

4 

160-180 

470 

Post-gastrectomy jaundice 

Right subcostal 

17 

56 

M 

11 months 

1 

— 

— 

Operative ligation of C.D. 

T-tube in duodenum 

18 

44 

M 

14 days 

1 

1,000-1- 

— 

Generalized abdominal 

No pain to 1,000 mm. 

19 

57 

F 

43 days 

8 

400-410 

490-500 

Colicky rt. flank pain 

Right upper quadrant 

' 20 

64 

F 

40 days 

2 

220-230 

240-250 

Right upper quadrant 

Upper abdomen 

21 

38 

M 

70 days 

1 

— 

700 

Rt. upper abd., rad. to back 

Right upper quadrant 

22 

34 

F 

7 months 

7 

600-620 

700 

Jaundice, clay col. stools 

Epigastric 

23 

53 

F 

52 days 

4 

590-600 

620-630 

Epigastric 

Epigastric 

24 

41 

F 

4 months 

1 

1,000-1- 

- - 

Epigastric 

No pain to 1,000 ram. 

25 

39 

M 

5 months 

7 

200-210 

200-220 

Right upper quadrant 

Epigastric 

26 

53 

F 

22 days 

2 

600-610 

600-610 

Gen. abd., rad. to back 

Upper abd. and back 

27 

57 

F 

42 days 

1 

— 

— 

.Sharp, rt. upper abdomen 

Lasting pain spasm 

28 

38 

F 

24 days 

3 

700-710 

710 

Epigastric 

RUQ and epigastric 

29 

59 

F 

55 days 

1 

— 

— 

Substernal distress 

Lasting pain spasms 

30 

54 

M 

14 days 

2 

800 

800 

Midabdominal 

Upper abdomen 

31 

66 

F 

25 days 

7 

280-290 

300-320 

Epigastric 

RUQ and epigastric^ 

32 

29 

F 

62 days 

10 

140-150 

300 

Right upper quadrant 

Rt. upper and. and back 

33 

52 

F 

18 days 

3 

600 

660-670 

Epigastric 

Rt. subcostal and epig. 

34 

40 

M 

21 days 

3 

700 

700 

Lower abdomen 

Right upper quadrant 

35 

43 

F 

14 days 

1 

— 

— 

Epigastric burning 

Lasting pain spasms 

36 

40 

F 

26 days 

7 

550 

560-670 

Painless, jaundice, nausea 

Generalized abdominal 

37 

53 

F 

23 days 

7 

320-330 

400 

Upper abdomen 

Right upper quadrant 

38 

30 

F 

17 days 

7 

300 

310-320 

Rt. upper abd., rad. to back 

Rt. upper abd. and back 

39 

41 

F 

14 days 

1 

1,000-f- 

— 

Generalized abdominal 

No pain to 1,000 mm. 

40 

36 

F 

? ' 

1 

290-300 


Nausea, vomiting 

Right subcostal 


Pain type 


I Sharp 
Ache 
Stabbing 
Dull 
Dull 
Discomf- 
Dull 
Sharp 
Sharp 
Dull 
Sharp 

Dull 

Stabbing 

Dull 

Sharp 


Stabbing 

Discomfi 

Sharp 

Dull 

Dull 

Sharp 

Dull 

Dull 

Dull 

Sharp 

Sharp 

Dull 

Sharp 

Dull 

Dull 

Sharp 

Dull 
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between the preoperative and postoperative local¬ 
ization oi the pain; of six patients who named pain 
radiating to the back as their chief complaint on 
entry to the hospital, five later reported back pain 
as part of the sensation due to distention of the 
biliary ducts. Chapman and associates have pre¬ 
viously reported on this relationship (21). Re¬ 
peated distention of the biliary system in the same 
patients resulted in identical localization, intensity 
and quality of pain both during the course of the 
same study and on different days. The intensity, 
quality and localization of the pain was not altered 
by the rapidity with which the pressure was 
elevated. 

The pain threshold: A great deal of variation 
was found in the level of the pain threshold from 
one patient to another. The pain threshold of all 
patients 14 days after introduction of the T-tube 
varied from 90 to 800 mm. of water and at the 
time of tube removal from 200 to 800 mm. of 
water (Table I). There was less variation of the 
threshold in the same patients tested at various 
times. In 15 subjects, mostly those with high 
initial threshold, the pain level varied no more 
than 30 nam. during the entire time of intubation, 
as long as five months in one instance. In the 
remaining 21 patients, the thresholds slowly in¬ 
creased during the course of observation, A de¬ 
crease of the threshold was never noted. A slowly 
increasing threshold over the course of weeks was 
interpreted as a sign of subsiding cholangitis (16). 
Sarkisian and McGowan have found a good rela¬ 
tionship between the level of the pain threshold 
and the bacterial count of the bile (22). Similarly 
inflammation was found to lower the pain thresh¬ 
old during tests of skin pain (23). 

In spite of these variations, the biliary pain 
threshold was found useful as a measure of the ef¬ 
fect of analgesic and narcotic substances because 
variations oi threshold in the same patient during 
the course of a single study were very small (Table 
I). In 10 subjects repeated threshold determina¬ 
tions on the same day varied by less than 5 mm. of 
water while in the remaining 24 patients the varia¬ 
tion was less than 30 mm. of water, usually no 
more than 10 mm. In addition, in 15 subjects the 
threshold varied very little from one day to an¬ 
other often for many weeks and even months 
(Table I). These patients were well suited for 
comparative study of the action of several drugs. 


TABLE JI 

Ittdividual thruhold dtitrmimiions of siA paOents 
during 12 hours 


Time 

Patient No. 

Hours 

Mia. 

' 28 

31 

32 

36 j 

37 j 

38 

0 

! 0 

700 

280 

140 

560 

340 

305 

0 

1 

1 700 

280 

165 

560 

360 

310 

0 

20 

705 

290 

145 

S6S 1 

370 i 

310 

0 

30 

710 

290 

140 

565 1 

375 

310 

1 

0 

70S 

290 

140 

560 

370 

310 

1 

30 

70S 

290 

140 

570 1 

345 

320 

2 

0 

710 

295 

145 

570 I 

340 

320 

2 

30 

710 

290 

140 

570 

350 

320 

3 

0 

710 

29S 

145 

570 I 

350 

320 

6 

0 i 

69S 

300 

ISO 

sss 

340 

310 

^ \ 

1 

6P5 ^ 

295 , 

150 1 

570 , 

1 

350 1 

310 

3 1 

0 

710 

290 

150 

560 i 

350 1 

320 

8 

1 

710 ; 

290 1 

145 j 

570 

360 

320 

U 

0 

710 

310 

155 

560 

375 

315 

11 

IS 

70S 

300 

ISO 

565 

370 

320 

11 

30 

70S 

300 

ISO 

570 

370 

i 320 

12 

0 

710 

295 

145 

570 

370 

325 

Mran. mm. o 

f water 

1 706 

293 

1 147 

565 

358 

316 

Standard deviation, mm. 

±S.l 

I ±7.1 

±5.1 

±S.Q 

±12.6 

±5.6 

CoeiScjent of variation. 

I- 


1 




per cent 


0.67 

2.43 

3.82 

0.88 

3.52 

1.77 


Near the completion of this study it appeared 
desirable to obtain data for statistical expression 
of threshold variations in individual patients. Six 
patients were studied by repeated threshold de¬ 
terminations over the course of 12 hours (Table 
II). At intervals these patients returned to the 
ward for meals and visiting hours and studies were 
then continued. In all, 17 control readings were 
obtained. The mean pain thresholds varied from 
146.7 to 705.6 mm. of water in these six patients. 
The smallest standard deviation was ±5.1 mm. 
for a mean pressure oi 705.6 mm. and the largest 
standard deviation encountered was ± 12.6 mm. 
for a mean pressure of 357.9 mm. The smallest 
coefficient of variation was 0.67 per cent and the 
largest was 3,82 per cent (Table II). These fig¬ 
ures from six selected patients compared favorably 
with data obtained by the Hardy-Wolff-Goodell 
technique of individual patients studied from time 
to time. Uniformity of pain threshold from indi¬ 
vidual to individual obtained by thermal radia¬ 
tion of the skin could not be duplicated ,with 
visceral pain threshold determinations. 

The end point: The threshold end point was usu¬ 
ally definite particularly in patients who experi¬ 
enced sharp or stabbing pain. A little more care 
was necessary to determine the exact end point 
in those patients who experienced merely a dull 
ache. In the 32 patients found suitable for vis¬ 
ceral pain threshold studies the pain sensation 
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Fig. 1. Perception of and Reaction to Visceral Pain 
For "awake" threshold determinations patients were 
aroused before the test and asked to signify the first 
unpleasant sensation due to elevation of the intrabiiiary 
pressure. For the “asleep” curves the pressure was 
elevated without warning to the inattentive, drowsy or 
sleeping patients. 

subsided almost instantly as the pressure was re¬ 
duced. In no case was there pain for more than 15 
seconds with each threshold determination. 

Experiences with pain produced by inflation of 
balloons in the esophagus, duodenum, colon and 
ureter suggest that the biliary tree is the most 
suitable hollow viscus for determination of pain 
thresholds. Precise hydrostatic measurements of 
the pain threshold in these other organs were not 
possible in our experience because these organs 
responded with peristaltic waves to even slight 
pressure elevations in the balloon. These con¬ 


tractions were reflected in the pressure readings 
and steady high pressures within the balloon lu¬ 
men could therefore not be maintained. Relative 
to the size of its lumen the common bile duct has 
by far the thinnest muscular wall of any of the 
above named organs. Here peristaltic movements 
are usually not observed during recording of rest¬ 
ing pressures. Even with the more sensitive and 
rapidly responding microphone-condenser electro¬ 
manometer the only pressure changes recorded 
were due to changes in abdominal pressure with 
cardiac systole, respirations and voluntary contrac¬ 
tions of the abdominal musculature. 

During routine experiments patients were in¬ 
variably warned of the approaching threshold de¬ 
termination to assure their alertness and then the 
saline infusion bottle was raised behind the screen. 
E.xperiments were also planned during which the 
patient was notified of the pressure elevation about 
to occur at the end of 15 and 30 minutes and one, 
two and three hours and at irregular intervals 
between these periods the infusion bottle was 
raised without the patient's knowledge. Figure 1 
illustrates two such time action curves of two dif¬ 
ferent patients. Prior to administration of the 
drug there was no difference between the "awake” 
and “asleep” thresholds. Fifteen minutes after in¬ 
jection there was a definite elevation of the thresh¬ 
old both after 10 mgm. of morphine and 100 mgm. 
of meperidine. The two thresholds were still the 
same. One hour after morphine, there was an 
“awake” threshold elevation of 30 per cent while 
the “asleep” threshold elevation was 72 per cent. 


TABLE III 


Visceral analgesic activity of narcotics and acetylsalicylic acid 


Drug 

No. of 
patients 

No. of 
studies 

Mean peak 
threshold 
elevation, 
mm. water 

Mean peak 
threshold 
elevation, 
per cent 

Analgesic 

activity, 

“per cent- 
hours” 

Morphine sulfate, 

10 mgm., s.c. 

Codeine sulfate, 

60 mgm., s.c. 

Dihydromorpjhinone 
hydrochloride, 3 mgm., s.c. 

30 

40 

233 

56.4 

140 

22 

27 

53 

11.9 

40 

11 

11 

162 

41.9 

112 

Methyldihydromorphinone 
hydrochloride, 7.5 mgm., s.c. 

7 

7 

162 

1 46.4 

98 

Methadone, 

7.5 mgm., s.c. 

Meperidine hydrochloride, 

100 mgm., c.m. 

Acetylsalicylic acid, 

O.d-1.2 Gm., oral. 

10 

10 

153 

33.2 

168 

32 

50 

102 

22.9 

70 

12 

13 

0 

0 

0 








QUANTITATIVE DETERMINATION OF VISCERAL FAIN THRESHOLD 


411 


The peak threshold elevations for these two types 
of determinations were 33 and 110 per cent, re¬ 
spectively, after morphine and 18 and 53 per cent, 
respectively, after meperidine. Three hours after 
injection of morphine the “awake” threshold was 
no longer elevated while the “asleep” threshold 
was still 40 per cent above the control level. 

The first type of threshold, called “awake" was 
the true perception threshold since the end point 
was given by alerted patients’ first recognition of 
a painful sensation. The second or “asleep" value 
was obtained after drowsy, inattentive or even 
asleep patients were sufficiently stimulated by the 
pain to make their complaint known. This was 
therefore not a true threshold but a measure of 
the analgesic action together with the physiologic 
and psychologic response to the hypnotic, eu¬ 
phoria producing and other effects of the narcotic. 
It is apparent that these other effects contribute 
greatly to the clinical effectiveness of narcotics on 
visceral pain. Furthermore hypnosis, euphoria 
and inattentiveness were in evidence for a much 
longer period of time than the analgesic effect. 

Effect of analgesic drugs on the visceral pain 
threshold: Satisfactory time action curves were 
obtained from 32 patients on 158 occasions. No 
ill effects were encountered during or after these 
studies. Two patients experienced chills about 
three hours after threshold studies and cholangiog¬ 
raphy. The temperature, elevated at that time, 
was found normal three hours later and remained 
normal thereafter. 

The analgesic activity of drugs was compared 
in two groups of patients. In the first all the pa¬ 
tients studied were included (Table III). In the 
second only seven patients were included whose 
threshold response was measured for all seven 
drugs of this series (Figure 2). A true compari¬ 
son of the effectiveness of the various analgesics 
could best be made in the latter group since indi¬ 
vidual initial pain thresholds varied widely and 
the analgesic effect was dependent to some extent 
on the magnitude of the initial threshold. These 
seven patients were among the last ones studied 
since some of the newer synthetic analgesics had 
not been available previously; they were patients 
who showed a good pain threshold end point and 
whose control thresholds varied little from day 
to day; lastly they were chosen because the T-tube 
drainage was continued for a sufficient p)eriod of 
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Fig. 2. Mean Time-Action Curves in Per Cent 
Eievation of Pain Threshold for Seven Patients 
after Various Narcotics and Acetylsalicylic Acid 


time to allow for evaluation of all drugs. Studies 
were prolonged to four and one-half hours in this 
group. 

Morphine sulfate: Ten mgm. of this agent were 
given subcutaneously to 30 patients on 40 occasions 
(Table III). A marked elevation of the visceral 
pain threshold was observed every time. The on¬ 
set of action was rapid. The threshold was ele¬ 
vated after 15 minutes in every instance and oc¬ 
casional studies seven minutes after injection 
showed increase of pressure tolerance at that time. 
The peak action was observed 15 minutes after in¬ 
jection in 10 per cent of the time-action curves, 
after 30 minutes in 70 per cent and after one hour 
in 20 per cent. Some action was still discernible 
after three hours in all but one patient. The mean 
peak elevation from the control level was 233 mm. 
of water or 56.4 per cent and the total analgesic 
effect was 140 per cent-hours (Table III). 

The pain thresholds after morphine of the seven 
patients in the second group are shown in Table 
IV. Definite threshold elevation was still present 
in all patients at the end of four hours. The mean 
peak elevation of S3 per cent was found 30 minutes 
after injection. 

The mean time-action curves for all drugs for 
the seven patients of the second group are shown 
in Figure 2. With the dosage schedule used, mor¬ 
phine caused the highest peak effect and its dura¬ 
tion of action was surpassed only by methadone. 

Codeine sulfate: This drug was given subcutane¬ 
ously in 60 mgm. doses to 22 patients on 27 oc- 
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casions (Table III). A threshold elevation re¬ 
sulted in all but one patient. The onset of action 
was slower than after other drugs. Only two- 
thirds of the time-action cur\'es indicated activity 
15 minutes after injection. The height of the effect 
was reached 30 minutes after administration on 
10 occasions and one hour after injection on 16 
occasions. The duration of action was briefer 
than that of morphine. Only 72 per cent of the 
time-action curves showed threshold elevation after 
three hours. However, all elevations after co¬ 
deine were so small that the method may well not 
have been sufficiently delicate to demonstrate 
slight effects at both ends of the time-action cur\’es. 
The mean peak elevation for all patients was 53 
mm. of water or 11.9 per cent. The total analgesic 


action of 40 per ccnt-hours was the smallest 
encountered. 

Comparison of the responses of the seven pa¬ 
tients treated with all drugs showed relatively 
greater variations than those of any other group 
(Table IV). The mean time-action curve (Fig¬ 
ure 2) indicated that codeine caused the smallest 
threshold elevation of any drug studied. There 
was no discernible effect at the end of four hours. 

DUiydromorphinonc hydrochloride (“Dilaiir 
did "): Three mgm, of this drug were given subcu¬ 
taneously to 11 patients (Table III), The first re¬ 
sponse, like that after morphine was noted after 
seven minutes. The peak response was obtained 
30 minutes after injection in four patients and 
one hour after treatment in the remainder. In the 


TABLE IV 

Visceral pain threshold elevation in mm. of water of seven individual patients after various narcotics 

Time after administration 


Patient No. 

hUnuics 

Hours 

^^inuUs 


Hours 


D 

iS 

30 

1 

2 

3 

Mj 

0 

15 

30 

1 

2 

3 

ID 


Morphine sulfate, 10 mgm. 

Methyldihydromorphinone HCl, 7.5 mgm. 

22 

620 

640 

680 

680 

670 


■1 


320 

390 

Ml 

350 

|!9 

250 

25 

190 

360 

410 

480 

390 

340 


K i 9 

380 

450 

H ; |1 

410 

K 111 

330 

31 

300 

400 

480 

500 

460 


360 

K S 3 

370 

350 

H ; tj 

330 

B \ f1 

330 

32 

140 

300 

380 

370 

340 

i 280 

230 

K13 

610 

610 

Bt |1 

iMAtlf 

E ill 

550 

36 

560 

620 

620 

510 

600 


570 

K i 3 

460 

520 

B»: fl 

480 

B! il 

330 

37 

330 

400 

540 

560 

540 


370 

310 

500 

580 

460 


E * i] 

370 

38 

300 

480 

630 

550 

500 

360 

330 

600 

570 

670 



E! il 

540 

Mean per cent 















elevation 

0 

31 

53 

50 

43 

^ 22 

10 

0 

24 

38 

39 

29 

15 

4 


Codeine sulfate, 60 mgm. 

Methadone, 7.5 mgm. 

22 

|H| 

620 

640 

650 

620 

620 



■1 


PI 

775 



25 


260 

290 

300 

240 

220 


210 


■cIJm 





31 

KmiI 

360 

400 

400 

380 

360 

330 

290 


400 

Ell 




32 


200 

220 

240 

190 

180 



170 

320 

360 


210 


36 

550 

550 

590 

590 

580 

580 

570 

550 

580 

590 




3/U 

37 

360 

430 

360 

360 

370 

360 

350 

310 

400 

480 




430 

38 

300 

300 

410 

390 

390 

370 

340 

300 

480 

580 




510 

Mean per cent 














27 

elevation 

0 

9 

16 

17 

11 

8 

2 

0 

17 

37 

46 

46 

37 


Dihydromorphinone HCl, 3 mgm. 

Meperidine HCl, 100 mgm. 

22 


620 

660 

1^ 

630 

ill 




650 

650 



600 

25 


340 

380 

■SSI 

320 


li 



350 

340 


sl 

210 

31 


430 

470 

■miI 

460 

^1 


■!n| 


490 

470 

440 

EH si 

375 

32 

160 

280 

350 

360 

340 

280 


210 


350 

340 

310 

1 


36 

550 

575 

600 

600 

560 

560 

560 

550 

670 

580 

590 

580 


540 

37 

370 

420 

520 

520 

520 

440 

430 

375 


480 

470 . 

450 

lil 

3o0 

38 

300 

460 

500 

480 

450 

500 

470 

300 

HI 

480 

470 

430 

ESI 

320 

Mean per cent 
elevation 

, 0 

•^26 

40 

41 

32 

22 

6 

0 

29 

31 

29 

21 

5 

2 
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dosages used, dihydromorphitione was superior to 
methyldihydromorphinone in both peak per cent 
elevation and total analgesic action. Inspection o£ 
individual time-action responses (Table IV) and 
of their mean curve (Figure 2) revealed fairly 
uniform action in different patients. The peak 
of the curve was lower than that of morphine but 
at three hours their action was identical. 

Methyldihydroviorphhione hydrochloride^ 
{“Metopon") : This morphine derivative was 
given in 7.5 mgm. doses to the seven patients of 
Table IV. Responses differed little from those ob¬ 
tained with dihydromorphinone. The onset of ac¬ 
tion was fairly rapid. In one patient the peak was 
reached in 15 minutes. Of the six others, three 
showed the maximal response after 30 minutes and 
three after one hour (Table IV). The shape of 
the time-action curve was almost identical to that 
of dihydromorphinone. 

Methadone: Ten patients were treated with 7.5 
mgm. of this agent (Table III). Although the 
first analgesic action was noted as soon after in¬ 
jection as after other drugs, the peak activity was 
definitely delayed. Only one patient showed 
maximal action after 30 minutes, four showed the 
peak after one hour, four after two hours and one 
after three hours. Since methadone was the only 
drug tested which showed useful activity at the 
end of four hours threshold determinations were 
continued beyond four hours in three patients. 
Useful activity of methadone at five hours was 
noted in all three and a mean elevation of 8 per 
cent was still found after six hours. The peak 
elevation for all ten patients was 153 mm. of wa¬ 
ter—less than that after morphine and its deriva¬ 
tives. Comparison of the individual (Table IV) 
and average time-action curves (Figure 2) of 
seven patients showed the peak action of methadone 
to be inferior only to morphine. At the end of 
two hours, methadone was superior to morphine 
and at three and four hours the activity of this 
drug was about twice that of morphine and its 
derivatives. 

Meperidine hydrochloride {“Denterol") : One- 
hundred mgm. of this drug were given intra¬ 
muscularly to all 32 patients on 50 occasions 

^ Metopon hydrochloride powder for parenteral use 
was obtained through the kindness of Dr. Nathan B. 
Eddy, Qinimittee on Drug Addiction and Narcotics of 
the National Research Council. 


(Table III). It was the most rapidly acting drug 
of this series. Maximal action was noted after 
15 minutes in one-half of the time-action curves 
while the remainder showed peaks 30 minutes after 
injection. Meperidine was also the shortest act¬ 
ing drug. Ten curves showed no activity after 
two hours and one-half of the tests showed no 
threshold elevation after three hours. The mean 
peak elevation of 102 mm. of water or 22.9 per 
cent and the total analgesic action of 70 per cent- 
hours were the lowest encountered. 

Acetylsalicylic acid: Twelve patients were given 
0.6 to 1.2 Gm. of acetylsalicylic acid by mouth 
(Table III). There was no variation from the 
control thresholds in any instance other than 
small changes in either direction usually found on 
repeated control determinations. Sodium salicyl¬ 
ate given in comparable doses parenterally to four 
patients produced no greater changes in the pain 
threshold than those observed after parenteral 
administration of sterile saline solution. The 
composite time-action curve for seven patients 
(Figure 2) showed changes both above and be¬ 
low the control level which were within the limits 
of accuracy of the technique. 

Relationship oj dosage to analgesia: Four pa¬ 
tients who were subjected to prolonged biliary 
drainage and whose control thresholds varied little 
from day to day received morphine and meperidine 
in increasing doses. 

Time-action curves for one patient who re¬ 
ceived morphine and another after meperidine are 
shown in Figure 3. Increases in the lower dosage 



Fig. 3 . Time-Actiom Curves in Per Cent Elevation 
OF Pain Threshold following Increasing Doses of 
Morphine and ifEPERioiNE 
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TABLE V 

Relationship of dosage and visceral analgesia 


Morphine sulfate 


ifcpcrldlnc hydrochloride 


Dose, 

mgm. 

Analgcaia In 
per cent-hours 

DoJC 1 

ratio 

AnalKCdU 

ratio 

Dojc, 

mgrn. 

Analitcji.i in 
t>cr cent-houra 

Vox 

ratio 

AnalResia 

ratio 

4 

22 

1 1 

1 

1 1 

25 

1 

43 

i 

1 

1 

8 

86 

2 

4 

50 

114 

2 

2.7 

10 

140 

2.S 


100 

172 

4 

4.1 

16 

269 

4 


200 

239 

8 

5.6 

20 

301 

5 






30 

329 

7.5 

15.2 






ranges caused marked elevations of pain threshold. 
While 4 mgm. of morphine produced a peak thresh¬ 
old increase of 18 per cent, double the amount in¬ 
creased the peak to 52 per cent, and 16 mgm., 
again double the amount, raised the peak to 118 
per cent above the control level. Further in¬ 
creases of the dose to 20 and 30 mgm. caused no 
higher threshold elevations than 16 mgm. The 
only effect of the largest doses was a prolonga¬ 
tion of the action: no analgesic effect was noted 
at the end of four hours with doses up to 16 mgm. 
An appreciable threshold elevation was noted at 
the end of four hours with 20 mgm. and some ac¬ 
tion was detected after six hours with 30 mgm. 

Time-action curves with increasing doses of 
meperidine showed a similar pattern of response. 
Doubling the dose from 25 to 50 mgm. caused a 
twofold increase of peak threshold elevation. 
Doubling the dose from 100 to 200 mgm, caused 
no increase of the peak action but prolonged the 
action considerably beyond four hours. 

Dosages with corresponding per cent-hours and 
ratio of dosage with ratio of per cent-hours are 
shown in Table V. Increases in the lower ranges 
of morphine caused relatively much greater total 
analgesic action. Doubling the dose of 4 mgm. 
produced a fourfold increase of total analgesia 
and doubling the dose from 8 to 16 mgm. tripled 
the analgesic action. Further increases were rela¬ 
tively ineffective. Doubling 16 mgm. increased 
the total analgesic action by only 22 per cent from 
269 to 329 per cent-hours. Increasing quantities 
of meperidine caused closely corresponding in¬ 
creases of total analgesic action up to 100 mgm. 
Double this last amount caused a further increase 
of analgesia of only 39 per cent. Actual values 
of the two studies could not be compared since 
they were done on different patients with different 


initial pain thresholds. In spite of our limiting 
pressures to 1,000 mm. of water, it was never pos¬ 
sible to obliterate the pain sensation even with the 
largest doses of morphine. 

Relationship of level of initial pain threshold 
and the analgesic effect: It was shown that in 
different patients the initial pain threshold varied 
from 90 to 800 mm. of water (Table I). It soon 
became apparent that in patients with initially low 
thresholds a relatively greater rise in pain thresh¬ 
old from analgesic drugs could be obtained than 
in patients with initially high thresholds. This 
was true whether the threshold raising action was 
e.xpressed as elevation in mm. of water or as per 
cent elevation. 

Initial pain thresholds and peak pain thresholds 
after 10 mgm. of morphine of 40 individual time- 
action curves are shown in Figure 4. With initial 
thresholds of 100 to 300 mm. of water, elevations 
due to morphine by 400 and even 500 mm. were 
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Fig. 4. Peak Threshold Elevations in Mm. of Wa¬ 
ter Due to 10 Mgm. of Morphine 
Results of 40 studies arranged in increasing order of 
initial (control) thresholds. 















QUANTITATIVE DETERMINATION 

not uncommon. With the highest initial thresh¬ 
olds of 500 to 700 mm. of water, threshold eleva¬ 
tions due to morphine were considerably lower. 
Many were less than 100 mm. and most not over 
200 mm. The mean threshold elevation of nine 
patients with initial thresholds between 90 and 
290 mm. was 340 mm. The mean elevation of 16 
patients with initial thresholds of 600 to 800 min. 
was 125 mm. 

This same phenomenon obser\'ed in a single 
patient who was studied with 100 mgm. meperidine 
from two to four weeks after operation is illustrated 
in Figure 5. Two weeks after operation, the ini¬ 
tial pain threshold of 320 mm, rose to a peak of 
550 mm. after meperidine. This rise of 230 mm. 
represents a 72 per cent elevation as indicated 
by the arrow. Further studies 17, 18 and 21 days 
after operation showed slowly increasing initial 
pain thresholds and a decreasing effect of the same 
dose of meperidine. The initial pain threshold 
28 days after operation had risen to 600 mm. The 
increase to 670 mm. after meperidine represented 
only a 12 per cent elevation of pain threshold. 

Patients were further grouped according to 
their initial pain threshold level and the elevation 
of threshold due to morphine, 10 mgm., meperidine, 
100 mgm,, and codeine, 60 mgm., were placed 
in the various groups (Figure 6). Other anal- 



E3 bvtid Pok ThrethoU 
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Fig. S. Initiai. Pain Thresholds and Peak Thresh¬ 
olds IN Mil. OF Water after 100 Mgm. of Meperidine 
OF ONE Patient Studied at Intervals from 14 to 28 
Days after Operation 

Arrows indicate per cent pain threshold elevation due 
to the medication. 
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Fig. 6. Peak Pain Threshold Elevations in Mm. 
OF Water following Morphine, Meperidine and Co¬ 
deine, Grouped According to Magnitude of Initial 
(Control) Pain Threshold 

gesics were omitted because of an insufficient num¬ 
ber of patients in each group. Here, again, as in 
individual patients, there was a marked decrease 
of threshold-elevating activity with control thresh¬ 
olds of increasing magnitude. In the group of 
patients with control pain thresholds of 90-290 
mm., morphine caused a mean rise of pain thresh¬ 
olds of 340 mm., meperidine of 130 mm. and co¬ 
deine of 100 mm. In the last group with initial^ 
thresholds from 700 to 1,000 mm., the three eleva¬ 
tions due to morphine, meperidine and codeine 
were 125, 50 and 40 mm. of water. Narcotics 
were more effective both relatively and absolutely 
if the initial visceral pain threshold was low be¬ 
cause of inflammation. If the presumption that 
the early low thresholds are due to cholangitis is 
correct these findings show a good confirmation 
of observations made by Schumacher with thermal 
radiation on inflamed skin (23). 

Placebos and the visceral pain threshold: .^t 
the onset of these experiments it was suggested 
that the striking rise of the pain threshold after 
parenteral injection of analgesic drugs may in part 
be due to the psychologic effects of the injection. 
Patients were therefore chosen who had had sev¬ 
eral previous studies with large doses of potent 
analgesics. These studies were conducted in the 
usual manner except that after three initial thresh¬ 
old determinations 1 cc. of sterile saline solution 
was injected subcutaneously (Figure 7A). A 
very slight rise of the pain threshold (25 mm. or 
8 per cent) was noted after 15 minutes and the 
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Fig. 7. The Effect of Parenteral Placebos on the 
Visceral Pain Threshold 
A. Saline solution followed in two and one half hours 
by meperidine; B. Meperidine and two and one half hours 
later saline solution. 

threshold then returned to the control level and 
remained there for three hours. At the end of this 
time 100 mgm. meperidine were injected with a 
resultant pressure elevation of 70 mm. (23 per 
cent) after 15 minutes and 140 mm. (47 per cent) 
after 30 minutes (Figure 7A). Another patient 
was given 100 mgni. of meperidine and two and one 
half hours later, after the effect of the drug had 
nearly disappeared, 1 cc. of sterile saline solution 
(Figure 7B). Here there was no increase what¬ 
ever in the pain threshold after the placebo but a 
further fall of the threshold as the last traces of the 
meperidine effect disappeared. From these and 
six other studies with similar results it was con¬ 
cluded that parenteral administration of placebos 
did not cause an elevation of the visceral pain 
threshold. Furthermore, increases of thresholds 
in suggestible patients were smaller than compar¬ 
able threshold responses of skin pain (24). 

Relationship of visceral analgesia to visceral 
spasm: The constipating effect of opium was uti¬ 
lized therapeutically many hundred years before 


its value as a central nervous system depressant 
was recognized. This effect is common to all the 
phenanthrenc derivatives of opium and is in great 
part due to lessened motility and increased tone 
of the gastro-intestinal musculature. This spas¬ 
mogenic activity on the gastro-intestinal and uri¬ 
nary tracts and the biliary tree constitutes an un¬ 
desirable side effect in those instances where mor¬ 
phine and codeine are used for their narcotic effect. 
It was hoped that the appearance of synthetic 
analgesics would bring a solution to this problem. 
However, it was shown that both the new syn¬ 
thetic analgesics methadone and meperidine and 
the morphine derivatives dihydromorphinone and 
methyldihydromorphinone cause spasm of the small 
intestine and biliary tree of man (18, 19). The 
rise of intrabiliary resting pressure which invari¬ 
ably follows the administration of opiates is chiefly 
due to spasm of the second portion of the duodenum 
with occlusion of the sphincter of Oddi (16). 
The rise in pressure has been shown to be pro¬ 
portional to the severity of the spasm (18, 19). 

The present method of visceral pain threshold 
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MORPHINE, 10 MGM. AMYL NITRITE 


Fig. 8. Kymograph Tracing of Intrabiliary Rest¬ 
ing Pressure in Mm. of Water and of Pain Thresh¬ 
old in Mm. of Mercury following Subcutaneous In¬ 
jection OF 10 Mgm. of Morphine 

Three inhalations of amyl nitrite caused a prompt but 
brief fall in the intrabiliary pressure and had no effect 
on the pain threshold. The base line (0) is at the level 
of the xyphoid with the patient in the supine position. 
Time marker: three minutes. 
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detennination offered a good opportunity for si¬ 
multaneous quantitative estimation of visceral 
spasm. 

Resting intrabiliary pressures were always re¬ 
corded during intervals between pain threshold 
determinations. Occasionally pain threshold levels 
in mm. of mercury and resting pressures in mm. 
of water were recorded on the same smoked drum 
(Figure 8). 

The onset of the analgesic effect was always 
accompanied by a gradual rise of intrabiliary pres- 
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Fig. 9. Mean Peak Pain Threshold Elevations 
AND Mean Peak Intrabiliary Resting Pressures in 
Mm. of Water after Various Narcotics 


sure, and the elevation of this pressure was roughly 
proportional to the elevation of pain threshold 
(Figure 8). This applied to drugs of varying 
effectiveness as well as to the same drug given in 
varying doses. Figure 9 (top) shows the mean 
peak pain threshold elevations in mm. of water 
following injection of the six narcotics studied. 
The same figure (bottom) shows the peak resting 
pressure elevation after administration of these 
same drugs. The order of effectiveness of these 
drugs for both narcosis and spasmogenesis was the 


same and the ratio of eflfectiveness of the various 
agents was similar. 

From these data, it is evident that every drug 
studied which possessed visceral analgesic quali¬ 
fies also caused visceral spasm. The reverse was 
true also: every drug which was shown to cause 
biliary and duodenal spasm also had analgesic 
properties. This is an unexpected and perhaps 
not significant finding. The analgesic qualities of 
these agents are due entirely to their action on the 
central nervous system while their spasmogenic 
effects are due entirely to local action on smooth 
muscle (25). 


DISCUSSION 

Comparison of the effectiveness of various anal¬ 
gesic drugs is difl5cult because beneficial results 
depend to such a great extent on the dosage used. 
Frequently, doses of different agents, necessary 
to produce the same effect, have been compared. 
This is misleading since toxic effects of the drugs 
are thereby disregarded. The “saturation” level, 
or the highest threshold-raising effect of which a 
drug is capable (6) provides a good base line for 
comparison of analgesic effectiveness. This 
method of comparison was not available to us; 
first, because the dangers of overdistention of the 
common bile duct limited us to 1,000 mm. of wa¬ 
ter pressure, and second, because patient volun¬ 
teers with common duct drainage, unlike healthy 
volunteers, are available for a limited time only. 
It was obvious from the onset that it would not 
be possible to study the same patients with all 
drugs and a great variety of dosage forms. We 
elected, therefore, to study all patients with as 
many drugs as possible and to confine studies, 
with a few exceptions, to only one dose and only 
one method of administration. The dose chosen 
was the average dose recommended by various 
sources for a 75 kg. man. The toxic effects of the 
amounts employed were roughly comparable: in 
patients without tolerance the dose was one-half of 
the upper limit of safe usage. 

The peak analgesic action for visceral pain 
occurred earlier than for integumental pain with 
all drugs tested. The mean peak action for mor¬ 
phine and meperidine at the end of 30 minutes was 
found about one-half hour earlier than their maxi¬ 
mal action determined by the von Frey and Hardy- 
Wolff-Goodell techniques, (6, 26). The other 
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agents caused maximal relief of visceral pain 60 
minutes after injection whereas their maximal ef¬ 
fect on superficial pain was usually found after 90 
minutes (26, 27). The measurable duration of 
action for visceral pain was about half that for skin 
pain. Wolff and associates found a return to the 
control threshold after seven hours with 8 mgm. 
morphine and 6.6 mgm. of methyldihydromorphi- 
none (6). The short duration of action for vis¬ 
ceral pain could not be attributed to a lesser overall 
effect of the drugs because of lower sensitivity of 
the method since the peak per cent elevation of 
skin pain due to radiant energy and of visceral 
pain due to distention were about the same. 

Morphine was the most potent analgesic. The 
morphine derivatives were relatively four times 
as effective for superficial pain than for deep pain. 
Equivalent doses based on studies with the Hardy- 
Wolff-Goodell and von Frey techniques were 30 
mgm. morphine for 3 mgm. dihydromorphinone 
or 6.6 mgm. methyldihydromorphinone (6, 26). 
The equivalent doses for visceral pain were 
roughly 8 mgm. of morphine for above doses of 
the morphine derivatives. 

The effect of codeine on visceral pain also com¬ 
pares unfavorably with its action on skin pain. 
For the latter, the equivalent dose of morphine and 
codeine was 8: 60 (6). For visceral pain this ra¬ 
tio was approximately 3: 60. 

Since the introduction of meperidine, the evalu¬ 
ation of its analgesic power has been scaled down¬ 
ward somewhat. At present, it is thought to be 
about twice as effective as codeine and much less 
effective than morphine (28). This position of 
meperidine among other analgesics was confirmed. 
The more rapid onset of action and the shorter 
duration of action may have been partly due to the 
fact that meperidine, unlike all other drugs, was 
injected intramuscularly. 

Considerable controversy exists over the effec¬ 
tiveness and duration of action of methadone. 
Originally it was thought to be twice as effective 
as morphine both in man and experimental ani¬ 
mals (29). Its investigation with the Wolff- 
Hardy-Goodell technique indicated that 5 mgm, 
was as potent as 15 mgm. of morphine (28). 
Clinical experience with' methadone in the treat¬ 
ment of visceral pain revealed a somewhat lower 
potency. Troxil found it 1.5 times as active as 


morphine (30) and Denton and Beecher found 
no difference between methadone and morphine, 
mgm. for mgm., both with respect to speed of ac¬ 
tion and duration of effect (31). The present 
study confirmed methadone as a highly active 
analgesic agent. Present results differ in two 
respects from previous experience. From ob¬ 
servation of patients, it was felt that 7.5 mgm. of 
methadone caused as much stupefaction, depres¬ 
sion and drowsiness as 10 mgm, of morphine. 
This is in contrast to findings of others who ob¬ 
served no o? only minimal sedation and narcosis 
(28, 29). Secondly, the duration of action of 
methadone was significantly greater than that of 
all other drugs tested. The shape of the time-ac¬ 
tion curve was therefore distinctly different. The 
total analgesic action of 7.5 mgm. methadone was 
20 per cent greater than that of 10 mgm. mor¬ 
phine in spite of the latter’s greater peak threshold 
raising ability. 

The total lack of visceral analgesic activity of 
acetylsalicylic acid was striking. The long estab¬ 
lished clinical efficacy of acetylsalicylic acid in the 
treatment of headache, myalgia, arthralgia and 
other pain originating in integumental structures 
has been confirmed in the laboratory by quanti¬ 
tative skin threshold studies (32). A 35 per 
cent elevation of the skin pain threshold due to 
0.3 Gm. of acetylsalicylic acid was equal to the ef¬ 
fect of 45 mgm. of codeine. Harrison and Bige¬ 
low, using the ischemic muscle method, ^found a 
25 per cent threshold elevation after 0.3 Gm. of 
acetylsalicylic acid (7). They concluded that 
acetylsalicylic acid is an effective analgesic agent 
for visceral pain. However, equally high and 
even higher threshold elevations were obtained 
with placebos. Furthermore, pain due to muscle 
ischemia should be grouped with pain from m- 
tegumental structures and not with visceral pain. 

Increasing doses of the same drug showed re¬ 
sponse patterns similar to those obtained from 
integumental structures. The “saturation” quan¬ 
tity or the smallest amount with which the highest 
threshold raising effect was obtained (6) was 16 
mgm. for morphine and between 100 and 200 
mgm. for meperidine. Both these values were 
somewhat smaller than those found for skin pain. 
The “saturation” level, or highest threshold rais¬ 
ing effect of which the drug was capable (6) was 
120 per cent for morphine and 70 per cent for 
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meperidine—also somewhat lesser analgesic ef¬ 
fects than those observed with skin pain. 

SUMMARY AND CONCLUSIONS 

L A quantitative method for measuring visceral 
pain thresholds by hydrostatic distention of the 
biliary ducts has been described. The method 
was used successfully in 32 of 40 patients who 
volunteered for these studies after surgical ex^ 
ploration of the common bile duct. 

2. The painful sensation elicited by external 
elevation of the intrabiliary pressure was described 
as sharp or colicky by 47 per cent of the patients. 
The remainder reported dull pain or an ache. 
The pain was well localized in the right upper 
quadrant or epigastric region of the abdomen in 
75 per cent of the patients and radiation to the 
back was noted by 25 per cent. For reliable end 
point determinations of the threshold the alert-, 
ness of the patient at that time had to be assured. 

3. The initial pain threshold in different pa¬ 
tients varied from 90 to 800 mm. of water. A 
slow rise of pain threshold was often noted in the 
same patients studied repeatedly from 14 days 
to seven months after operation. However, all 
measurements of pain thresholds of the same pa¬ 
tients on the same day were found to be at least 
within ± 10 per cent of their respective average 
values. In six patients studied at intervals dur¬ 
ing the course of 12 hours, the control threshold 
values showed a standard deviation of ±5.1 to 
± 12.6 mm. and a coefficient of variation of 0.67 
to 3.82 per cent. 

4. The administration of analgesic substances, 
with the exception of acetylsalicylic acid, in¬ 
variably resulted in an elevation of the visceral 
pain threshold. Satisfactory time action curves 
were obtained on 157 occasions. The action of 
seven analgesic agents was studied. The doses 
used were: morphine, 10 mgm.; codeine, 60 mgm,; 
dihydromorphinone, 3 mgm.; methyldihydromor- 
phinone, 7.5 mgm.; methadone, 7.5 mgm.; meperi¬ 
dine, 100 mgm.; and acetylsalicylic acid, 0.6 Gm. 

5. The onset of action, shown by an elevation 
of the intrabiliary hydrostatic pressure tolerated 
without pain, was noted between seven and 15 
minutes after injection with all drugs studied, 

6. The peak threshold elevation was found 30 
minutes after administration of morphine and 


meperidine and 60 minutes after all other agents. 
The mean peak threshold elevations in per cent 
together with the number of studies for each drug 
were as follows: morphine: 40 studies, 56 per 
cent, codeine: 27 studies, 12 per cent, dihydro¬ 
morphinone: 11 studies, 42 per cent, methyldi- 
hydromorphinone: 7 studies, 46 per cent, metha¬ 
done: 10 studies, 33 per cent, meperidine: 50 
studies, 23 per cent, and acetylsalicylic acid: 13 
studies, no threshold elevation. 

7. The duration of action was five hours for 
morphine, four hours for codeine, dihydromor¬ 
phinone and methyldihydromorphinone, six hours 
for methadone and three hours for meperidine. 

8. The total analgesic action expressed by the 
area under the time-action curve in “per cent- 
hours" was 140 for morphine, 40 for codeine, 112 
for dihydromorphinone, 98 for methyldihydro¬ 
morphinone, 168 for methadone, 70 for meperidine 
and 0 for acetylsalicylic acid. 

9. When morphine and meperidine were given 
in increasing doses, the total analgesic action in¬ 
creased in proportion to the dose up to 16 mgm. 
for morphine and 100 mgm. for meperidine. A 
further doubling of the dose to 32 and 200 mgm., 
respectively, caused only a 23 and 37 per cent re¬ 
spective increase in the total analgesic action. 

10. The analgesic effect of various drugs was 
found to be inversely proportional to the initial 
pain threshold both in different patients and in 
the same patients studied at intervals. 

11. Parenteral injections of placebos in eight 

patients were not reflected by a rise in the visceral 
pain threshold. -- 

12. The severity of biliary and small intestinal 
spasm due to the analgesic agents studied was 
found to be in proportion to their analgesic 
activity. 

13. Differences between visceral and int^u- 
mental pain threshold responses to the various 
drugs were noted. The peak threshold-raising ac¬ 
tion for viscera] pain occurred earlier than for 
superficial pain ; the duration of action was shorter 
and the intensity of the analgesia was somewhat 
smaller for visceral pain. In the doses used, mor¬ 
phine showed the most powerful threshold raising 
activity and methadone showed the longest action. 
In contrast to integuraental pain, acetylsalicylic 
acid had no analgesic activity for visceral pain. 
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Glomerular changes are perhaps the most out¬ 
standing anatomical lesions of acute glomerulo¬ 
nephritis. The glomerular tuft usually exhibits 
increased cellularity with deposits of fibrin or in¬ 
flammatory exudate in the capsular space. The 
capsule and basement membranes may become 
thickened but the arterioles and renal tubules ap¬ 
pear relatively normal in the early pltases of the 
disease. Several papers describe a characteristic 
functional pattern for acute glomerulonephritis 
which reflects the dominant glomerular lesion 
(1-4). 

The purpose of the present paper is to describe 
the relation of changes in renal functions to the 
development of the clinical manifestations of acute 
glomerulonephritis and of the exacerbation in 
chronic glomerulonephritis, especially in regard to 
water and electrolyte metabolism. The renal func¬ 
tions measured include glomerular filtration rate 
(GFR), effective renal plasma flow (ERPF) and 
maximum capacity of the renal tubules to excrete 
p-aminohippurate (Tm^An) or to reabsorb glucose 
(Tma). 

CASE MATERIAL 

Facts relative to the diagnosis and onset of the disease 
for each patient are summarized in Table I. Elevated 
antistreptolysin titers (5) indicated a recent group A he¬ 
molytic streptococcal infection in 10 instances. Evi¬ 
dence of prior renal disease was absent in the eight pa¬ 
tients classified as acute glomerulonephritis. Several may 
have had unrecognized chronic glomerulonephritis and 
their acute attack may have been an exacerbation rather 
than the initial attack. However, initial attacks seem 
likely in the five episodes that “healed” * and in the two 

^ Supported by a grant from the Life Insurance Medical 
Research Fund. 

* Only relatively short follow-up periods were possible 
in the majority of the patients comprising this study. 
Thus, certain differentiation between complete healing 
and the development of chronicity following acute glo¬ 
merulonephritis was difficult and sometimes impossible 
(6). However, patients 9, 10 and 11 were known to 
have chronic glomerulonephritis for one or more years 


patients whose urine and blood pressure were normal 
16 and 35 days before the onset of signs and symptoms 
of renal disease. Four instances of exacerbation in 
chronic glomerulonephritis were observed, one of which 
occurred in patient 8, whose initial attack of acute glo¬ 
merulonephritis was also studied. The criterion ac¬ 
cepted for the diagnosis of exacerbation in chronic glo¬ 
merulonephritis was “an abrupt and marked increase in 
the degree of hematuria” (8). Foreshortening of the 
latent period between infection and onset of symptoms 
characteristic of the e.xacerbation (8, 9) was noted in two 
of these patients. 

The initial and final observations on the urine, blood 
pressure and edema for each patient are shown in Table 
II, along with the duration of the abnormalities. The 
final probable outcomes are indicated in the last column.® 

The sudden development of nephrotic edema was not 
accepted as evidence either for the initial acute attack 
of glomerulonephritis or for an exacerbation in glo¬ 
merulonephritis. At the time of observation, none of 
the patients had evidence of the nephrotic phase. Their 
serum albumin averaged 3.2 gm./lOO ml. with a ran^ 
of 2.5 to 4.5, while their serum cholesterol averaged 219 
mg./lOO ml. with a range of 179 to 294. 

Signs and symptoms of congestive heart failure were 
present during the acute renal episode in only two pa¬ 
tients (patients 9 and 11). These two patients suffered 

prior to observation. Patient 8 was seen during his first 
attack and subsequently during an exacerbation. Pa¬ 
tients 6 and 7 were seen periodically during one and one 
half and one years respectively after their initial attacks. 
During this time proteinuria persisted, a fact which sup¬ 
ports the belief that the disease had probably become 
chronic. Patient 5 was followed for slightly more than 
one year after his acute glomerulonephritis. The last 
six urinalyses were normal, quite suggestive of healing. 
Patient 1 had three normal urines before loss for ob¬ 
servation and likewise probably healed. Patients 2, 3 
and 4 had three, three and two protein-free urines. How¬ 
ever, minimal to moderate microscopic hematuria was 
still present at the last examination. Since microscopic 
hematuria may be one of the last abnormal signs to disap¬ 
pear during the healing of acute glomerulonephritis (7), 
these patients were classified as "probably healing,” and 
included in the "healed" group in the subsequent discus¬ 
sions. Although a follow-up period of a year or more 
is necessary to differentiate with certainty behveen healing 
and chromcity, the presumptive outcomes in this group 
of patients are designated. 
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TABLE I 

T^ata canccntcd xviih the onset and diagnosis of acute episodes of gloineruionephrilts 


PAT 1CNT 

NUMBER 

sex 

ACC 

PRCCCDING INreCTION 

MAXIMUM 

ANTISTRCPTOLYSIN 

Tl TCR 

LAfCNT 

f CRIOO 

ONSET NCPHRt TlS 



(yean) 


(unite) 

(daya) 


1 

M 

S3 

Diicharge riftht noatril 

100 

T 

Acut* 

Edema eyes, feet 

Scanty urine 
^(icroacoptc hematuria 
liypertenaion 

2 

M 

SO 

Tonaillitla, Fever 

Rx: Sulfadiaxine 

2000 

20 

Acute 

Edema eyes, feet 
Microscopic hematuria 
Hypertension 

3 

M 

S6 

R.UiL. Pneumoaia 

Rx: Peaicillia 
(pneumococci not 
demonatraced) 

700 

19 

Acu tc 

(Urine, UP normal 16 days 
before onset) 

Edema eyes, feet 
Microscopic hematuria 
Hypertension 

\ 

M 

3S 

Severe lore throat 

>2000 


Acute 

Edema legs 

Microscopic hematuria 
Hypertension 

5 

M 

•(3 

(Tronic cough 
•Frequent coldi* 

300 

> 

Acute 

Scanty dark urine 

Edema legs 

Hypertension 

6 

M 

47 

None noted 

200 

1 • 

<4cu (e 

Abdominal cramps 

Smoky urine 

Edema face, legs 
Hypertension 

7 

r 

46 

Poatop (cervix) Infection 
Rx: Penicillin 

900 

35 

(posiop) 

Acute 

(Urine, BP normal pre-op.) 
Edema eyes, feet 
Microscopic hematuria 
Hypertension 

8, »l 

M 

46 

Fever, cough 

400 

8 

Acute 

Bloody urine 

Edema eyes, feet 
Hypertension 

8. »2 



Milaiae - 

SOO 

0 

Exacer6af ion 

Bloody urine 

Edema eyes, feel 
Hypertension 

9 

F 

56 

Sore throat 


1 

fxarer6a tion 
(disease known 1 year) 

Edema feet 
plank pain 

Red urine 

Hypertension 

Dyspnea 

10 

M 

63- 

Cold, fever c 

1 

400 

3 

Fxacerbat ion 

(Initial attack 22 years ag 
(Exacerbation 12 years ago) 
Edema le^s 

Pain low hack 

Red urine 

11 

M 

S2 

None noted 

400 

■> 

Exacerbo t ion 
(disease known 1$ years) 


Dyspnea 
Orthopnea 
EJenia 
O)ieu ria 
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TABLE II 

Inilial and final observations on urine, edema and blood pressure 





URINE 


EDEMA 



^ATICNT 





(makiuum it. L(1J 

• LOOD 

BRO0AOI.C 

MUyBf• 

OBSCAVATIOH 

BBOTrtN 

•SSl 


USUAL UT.) 

BftCSSUOC 

ourcouc •• 






(Ibl) 

(u. Hg) 


1 

Adnit««ion 

f t + f 

10/hp<* 

VHpE 

36 

180/90 



Fin»l 

0 

0 

0 

0 

120/70 

Hetlcd 


Dar«tion 

(. 

• IK «ieekB • • 

- - - -) 

(3 >e«k>) 

(3 w««k>) 



2 

Ad*iaaion 


SO/hpf 

2ApE 

10 

210/U0 



Final 

0 

IS/hpf 

raro 

0 

13S/80 

HriHn; 


Duration 

. 

- • 3S >e«V« - . 

.) 

(2 veeka) 

(2 >eeks) 


3 

Ad«isaion 

F t + 

lOO/kpf 

occ* 

a 

130/100 



Final 

Duration 

0 

(. 

10/hpf 

• 6 «<cka • • • 

- . -1 

0 

(3 week*) 

110/80 
(3 week*) 

Healing 

4 

Adjaiaaion 

f + 

innuaarabla 

occ« 

33 

198/118 



Final 

Duration 

0 

(. 

ft* 

• 7 ■•ek> . . . 

0 

• - -) 

0 

(6 «ack») 

lSS/90 
(9 weeks) 

Healing 

s 

Adaiaaion 

f 

innuaerable 

rara 

21 

144/90 



Final 

Duration 

0 

(. 

0 

« 17 vaaka • • • 

0 

. . .) 

0 

tSS veeka) 

124/70 
(10 weeks) 

Rested 

6 

Adaiaaion 

F t F 

croaa 

•any 

33 

165/100 



Final 

Duration 

F 

(W rr..t) 

0 0 
(- • 12 >«eki • • ) 

0 

(S week*) 

125/85 
(5 veeka) 

Chronic 

7 

Adaiaaion 

+ t f 

10/kpf 

occ* 

22 

245/110 



Final 

Duration 

F F 

ipcrasatedl 

0 0 
(■ - 10 .««k* - - 1 

0 

($ vecka) 

130/75 
(9 veeka) 

Chronic 

8, n 

Adaiaaion 

F F F t 

froaa 

3/Ipf 

21 

160/110 



Final 

Duration 

F F F 
<. 

many 

perajaiad • - • 

0 

. - . ) 

0 

(3 aeaka) 

130/84 
(3S veeka) 

Chronic 

8, 12 

Adaiaaion 

+ +'+ + 

Srosa 

occ* 

10 

160/100 



Final 

Duration 

+ F 

(. 

20/hpf 

paraiatad • • • 

0 

- - - ) 

0 

(4 •eeks) 

130/90 
(3 veeka) 

Chronic 

9 

Adaiaaion 

F F + 

Aroaa 

occ* 

18 

210/120 



Final 

Duration 

F F F 

(paraiatad) 

0 0 

(- • 6 week* - • > 

0 

(2ii veeka) 

140/80 
(3 veeka) 

Chronic 

10 

Adniaaion 

+ + f 

groaa 

Many 

51 

190/110 



Final 

Duration 

F F 

<. 

15/hpf 

paraiatad » • - 

0 

- - - ) 

0 

(6 veeka) 

180/100 

(paraiatad) 

Chronic 

11 

Adaiaaion 

+ + + + 

groaaV 

occ* 

31 

188/120 



Final 

Duration 

F F 

10/hpf 

paraiatad • • • 

raro 

• • • ) 

0 

(10 eeeke) 

146/84 
(14 weeks) 

Chronic 


rs Hlfh po»«r 
V«« fdOCAOC* 3 
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from dyspnea and orthopnea, had elevated venous pres¬ 
sures and prolonged circulation time. Their hearts were 
enlarged. 

METHODS 

All data presented represent an average of three or 
more consecutive 15 to 30 minute periods. All observa¬ 
tions were performed in the morning. Fluids and food 
were withheld after the preceding evening meal. Follow¬ 
ing three periods during which inulin and PAH clear¬ 
ances and electrolyte e.xcretion were observed, Tm glu¬ 
cose or Tmpin were measured for three consecutive pe¬ 
riods. Priming and sustaining infusions containing inu¬ 
lin and PAH were made up in distilled water. The sus¬ 
taining infusion was delivered by means of a pump at the 
rate of 1 ml./minute during the first three periods, and 
at a rate between 2 and 5 ml./minute during Tm meas¬ 
urements. An arterial blood sample was obtained at the 
midpoint of each urine collection. Plasma, separated from 
the erythrocytes within IS minutes of withdrawal of the 
blood sample, was used for the potassium, chloride, in¬ 
organic phosphate, inulin, PAH and glucose determina¬ 
tions. Dried heparin and a small amount of sodium flu¬ 
oride were used to prevent clotting and glycolysis in the 
case of glucose and inorganic phosphate, while dried 
heparin alone was used to prevent clotting in the sample 
subjected to the other analyses. Serum .was used for the 
sodium determinations. 

Inulin was measured by Harrison’s (10) modification 
of the method of Alving, Rubin and Miller (11), PAH 
by the Bratton-Marshall reaction (12), and glucose by 
a modification (13) of the Folin method. Sodium in the 
serum and urine and potassium in the plasma and urine 
were measured on an internal standard flame photometer. 
Chlorides were measured by a modification of the Vol- 
hard-Harvey method (14), inorganic phosphate by the 
method of Fiske and SubbaRow (15), and ammonia and 
urea by Summerson’s modification (16) of the Van 
Slyke and Cullen procedure. Urine pH was determined 
with the glass electrode. 

RESULTS 

(^A) Renal junctions 

Renal functions, weight, blood pressure and uri¬ 
nary abnormalities are recorded in Table III in 
relation to time of onset and of diuresis. The 
renal function values are not corrected to a stand¬ 
ard surface area because of the complications this 
would introduce in the subsequent considerations 
of electrolyte excretions. Glomerular filtration rate 
was definitely reduced at the first observation in 
all but one instance (patient 2). The renal plasma 
flow® was less affected and was in the normal 

3 The renal plasma flow values in this study are not 
corrected for any possible incomplete extraction of PAH 
by the renal tubules. The true renal plasma flow in any 


range at the first observation in four of the eight 
initial attacks oi acute glomerulonephritis. The 
pattern of renal dysfunction in both initial attacks 
and in exacerbations was characteristic of that 
previously described for acute glomerulonephritis. 
The filtration fraction (GFR/RPF) was reduced 
(less than the mean normal value minus two stand¬ 
ard deviations) at some time irf eight of the 12 
episodes, Tmo was reduced in eight of the nine 
instances in which it was measured, and TmpAH 
in seven of nine instances. The ratios of filtration 
rate to Tmo and Tmi>Au were usually reduced, in¬ 
dicating a greater impairment of glomerular ac¬ 
tivity than of tubular function. Several exceptions, 
however, were noted. In the instance of the four 
exacerbations the renal functions were undoubtedly 
abnormal prior to the observations because of the 
chronic renal disease but exhibited the same gen¬ 
eral pattern as the initial attacks. 

Following the acute episode all functions re¬ 
turned toward normal in patients suffering either 
their first attack or an exacerbation. Tmo and 
TmpAu were in the normal range at the time of 
the last observation in four of the five patients who 
healed or were probably healing (see footnote 2) 
while the filtration rate had returned to low normal 
values in three. These findings are similar to those 
reported in an earlier paper (1) which included 
observations on five patients suffering their initial 
attack of glomerulonephritis and two undergoing 
exacerbations. Serial observations on eight pa¬ 
tients in the present study and five patients in the 
earlier study (1) are available in whom the out¬ 
come of the initial attack of acute glomerulonephri¬ 
tis was known (see footnote 2). The first esti¬ 
mation of renal function was obtained within two 
weeks or less of the onset of the disease in only 
five of the 13 patients. The serial filtration rates 
are presented in Figure 1. In general, a smaller 
reduction in filtration rate and a more rapid re¬ 
turn to normal occurred among the six patients 
whose nephritis healed or probably healed than 
among the seven whose disease became chronic. Of 
the nine patients studied within four weeks of the 
onset of nephritis, the three whose disease failed 
to heal had initial filtration rates below 55 mb/ 
minute, while those who healed had rates of 44, 

instance where there is incomplete extraction of PAH 
is, therefore, higher than the recorded value. 



Blood prcssiirc, urine and renal function tests in patients with acute glomerulonephritis and with exacerbations in chronic glomerulonephritis 
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Each renal function datum represents an average of three consecutive periods. Glomerular filtration rates used in calculating GFR to Tm ratios were those 
measured prior to infusion of large amounts of glucose or PAH. Concentration tests recorded represent the maximum specific gravity attained after a 12 hour 
restriction of fluid, and were performed within one week of the time indicated. 
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TIME AFTER ONSET OF ACUTE GLOMERULONEmRITIS 

Fig. 1. Glomerular Filtration Rate in Relation to Time after Onset of Acute Glomerulonephritis 

59,81, 87 and 100 ml./minute. Return of filtration Concerning the inter-relations of the several 
rate to the normal range, however, was not incom- renal functions, the filtration fraction usually m- 
patible with the development of chronic renal creased as the acute renal process improved. How- 
disease, as in patients 4 and 9 of the earlier study ever, no correlation could be established between 
(1). Conversely, patient 6 of the early study and this function or the ratio of filtration rate to ex¬ 
patient 5 of the present study healed completely in cretory or reabsorptive Tm and the eventual 
spite of rather slow improvement in their glomeru- outcome, 

lar filtration rates. Changes in Tm values showed The exacerbations in chronic glomerulonephri- 
the same general trends. tis suffered by patients 9 and 11 were complicated 

TABLE IV 

Glomerular filtration rate in relation to onset and end of diuresis in acute glomerulonephritts 
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by congestive heart failure, as evidenced by dysp¬ 
nea, orthopnea, increased venous pressure, pro¬ 
longed circulation time and enlargement of the 
heart. Nevertheless, the functional changes were 
characteristic of acute glomerulonephritis with a 
low filtration fraction, rather than that of conges¬ 
tive heart failure with an elevated filtration frac¬ 
tion. Four other patients had slight transient 
cardiac enlargement by X-ray examination, but 
no other signs or symptoms suggestive of heart 
failure. All patients had hypertension at the time 
of the first measurement of renal function. In five 
the diastolic blood pressure was 100 mm. Hg or 


more. In spite of the consistent hypertension, the 
filtration fraction was greater than the mean nor¬ 
mal in only two instances. The blood pressure 
often returned to normal well before the renal 
function reached its ma.ximum observed value. 

(B) Relation of discrete renal junctions to diure¬ 
sis in the recovery phase of acute glomerulo¬ 
nephritis 

The relation of glomerular filtration rate to 
diuresis in acute episodes of glomerulonephritis 
is indicated in Table IV. Daily excretion of elec¬ 
trolytes was followed in four of the patients (pa- 


table V 

The relation of urea clearance to glomerular filtration rate and diuresis in acute glomerulonephritis 

SLOMCRULAft 


'lEHT 

RELATION TO 

DIURESIS 

URINE 

FLOW 

FILTRATIOH 
RATE (CFR) 

INULIH 

U/P RATIO 

UREA 

CLEARANCE (UC) UC/CFR 

PLASMA 

UREA 



Cml./min) 

(ol ,/min.) 


(ml./min.) 

(mR./lOO rol) 

1 

1 d«y before 

1.87 

82.6 

44.1 

35,9 

0,44 

65.0 


last day during 

1.46 

78.0 

53.5 

66.7 

0.86 

23.0 

2 

1st day during 

6.09 

100 

16,4 

28.0 

0.28 

94,7 


7 days after 

4.07 

102 

24.5 

80.0 

0.79 

20.7 

3 

3 days before 

2.69 

78.0 

29.0 

42.2 

0.54 

42.2 


2 days after 

1.72 

73.4 

42.6 

39.4 

0,54 

39.4 


23 days after 

2.62 

73.7 

28.1 

43.3 

0.59 

43.3 

4 

3 days before 

1.30 

43.5 

33.4 

25,7 

0.59 

48.0 


2 days after 

1.75 

43.6 

25.0 

36,3 

0.83 

36.3 

6 

7th day during 

2.27 

41.4 

18. 2 

22.0 

0.53 

61.5 


S weeks after 

1,92 

84.8 

44.2 

71.8 

0.85 

26.2 

7 

1 day before 

2.29 

38.5 

16.8 

26.4 

0.69 

33.7 


last day during 

1.24 

37.0 

29.8 

19.5 

0,53 

47.4 


18 days after 

2.21 

47.7 

21.6 

28.6 

0.60 

56.3 

, 

2nd day during 

1,93 

54.9 

28,4 

35.6 

0.65 

46. 6 • 


last, day during 

0.82 

48.7 

55.5 

24. 1 

0.49 

49.8 


11 days after 

2.62 

33. 3 

12.7 

26.6 

0.80 

57.2 


26 days after 

2.96 

35,8 

12.1 

22.9 

0.64 

53.4 

9 

4th day during 

0.62 

61.7 

99,5 

16.3 

0.27 

37.8 ' 


9 days after 

1.02 

74.6 

73.3 

31.2 

0.42 

28.7 

10 

3rd day during 

1.S7 

45.0 

28.7 

25.6 

0.57 

40.6 


22nd day during 

1.26 

38.6 

30.7 

26.1 

0.68 

33.6 

11 

3rd day during 

0.96 

21.9 

22.8 

9.4 

0.43 

110 


28th day during 

0.91 

32.9 

36.1 

15.8 

0.48 

59.6 


85th day during 

3.18 

54.4 

17.1 

32.0 

0.59 

27.5 


22nd day after 

1.57 

41.7 

26.6 

27.5 

0.66 

26.7 


41st day after 

1.57 

55.5 

36.4 

28.5 

0.51 

33.2 


Each datum represents the average of three consecutive periods. 
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tients 1, 2, 4 and 6). In the remaining patients 
the weight curve and clinical evidences of edema 
were utilized to assess diuresis. Filtration rates 
were measured before the beginning of diuresis 
in six instances. In the remaining six instances, 
filtration rate was first observed on the first to 
fourth day of diuresis (within a few hours of the 
onset of diuresis in patient 2). The data recorded 
in Table IV indicate that diuresis following acute 
glomerulonephritis is not accompanied by a con¬ 
sistent change in filtration rate. 

Urea clearance was measured concomitantly 
with glomerular filtration rate in most of the 
studies (Table V). The relation of urea clearance 
to filtration rate and urine flow was not consistent 
when the group of patients with acute nephritis 
was considered as a whole. Considerable in¬ 
creases in urea clearance, however, occurred in 
five patients whose course was characterized by 
rapid loss of edema in the early phase of diuresis 
(patients 1, 2, 4, 6 and 9). In three of these the 
urea clearance increased with no change in glo¬ 
merular filtration rate, and in each a definite rise 
in the ratio of urea/inuHn ratio occurred. Nor 
were the increases in urea clearance attributable 
to concomitant changes in urine flow, which 
showed only minor variations among the observa¬ 
tions obtained for a given patient. 

In general, the plasma urea concentration re¬ 
flected change in urea clearance, and in turn, the 
filtration rate. Abnormal plasma urea levels, 
however, did occur in several instances where the 
filtration rate was not greatly reduced (patients 
1-3), while an increasing filtration rate was not 
incompatible with an increasing plasma urea (pa¬ 
tient 7). 

In a number of the observations the urea clear¬ 
ance was measured both before and during the in¬ 
fusion of glucose or PAH necessary for the Tm 
measurements. Urine flow increased in 25 of 27 
such observations among 10 patients. The urea 
clearance increased more than 20 per cent in 11 
instances, while the urea/inulin clearance ratio in¬ 
creased in 20 of the 27 observations. In general, 
the greatest increases were noted among those pa¬ 
tients whose urine flows were low during the con¬ 
trol periods and who showed substantial diuresis 
during the osmotic loads. These data indicate that 
the urea clearance may be influenced by osmotic 
diuresis in patients with acute glomerulonephritis. 


The response of these patients to osmotic load 
was not unlike that observed among patients with¬ 
out renal disease (18). 

(C) Effects of acute glomerulonephritis on elec¬ 
trolyte metabolism 

Observations on the plasma or serum levels and 
the excretion rates of sodium, potassium, chloride, 
and inorganic phosphate are recorded in Table VI. 
Data on the excretion of ammonia and urinary 
pH, and for reference purposes, concurrent filtra¬ 
tion rates and urine flows, are included. The frac¬ 
tion of electrolyte filtered at the glomeruli that ap¬ 
peared in the urine also was calculated. 

(1) Sodium: Serum sodium levels were usu¬ 
ally in the normal range, although values between 
132 and 135 meq./L were observed on occasion in 
six of the 12 acute episodes of glomerulonephritis. 
No correlation between the serum sodium level 
and the presence or absence of edema was noted. 
Sodium excretion, measured during the determina¬ 
tion of filtration rate, w'as generally greater during 
the phase of diuresis than at other times. How¬ 
ever, the necessity of giving intravenous infusions 
for clearance purposes probably distorted sodium 
excretion and urine flow to some extent, limiting 
the value of such observations. Variations in body 
weight or daily sodium excretion more accurately 
reflected sodium balance. But in any case, sig¬ 
nificant increase in sodium excretion could occur 
in the absence of change in filtration rate (patients 
1 and 4). 

(2) Chlorides: Plasma chloride levels typically 
were above normal in the patients with acute glo¬ 
merulonephritis. The mean initial level for the 
12 nephritic episodes was 114, o-= 5.0 meq./L, 
ranging up to 118 meq./L, as compared to 108, 
(7 = 3.3 meq./L for 21 normal subjects observed 
under comparable conditions (i.e., during concom¬ 
itant measurement of filtration rate and renal 
plasma flow). All but one of the nephritic pa¬ 
tients had plasma chloride levels exceeding HO 
meq./L at some time, while only five of the 21 
normal subjects had levels greater than this value 
and none exceeded 114 meq./L. With one ex¬ 
ception, the plasma chloride level did not return 
toward normal within the period of observation as 
the patients improved from their acute nephritis. 
Chloride excretion was usually approximately the 
same as sodium. 



TABLE Vr 

Electrolytes in acute glomerulonephritis 
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(3) Potassium: The average initial plasma 
potassium level for the 12 acute episodes of 
nephritis was 5.0 meq./L, a = 1.08, with a range 
of 3.3 to 7.3 meq./L. In contrast, the mean 
plasma potassium level, obtained under compar¬ 
able circumstances {i.e., during measurement of 
glomerular filtration rate and renal plasma flow) 
in 21 subjects without renal disease was 4.2 
meq./L, cr = 0.29, with a range of 3.4 to 4.8. 
Only two of the normals had plasma potassium 
levels greater than 4.5 meq./L, while 10 of the 12 
acute nephritics had values greater than this at 
one time or another. Patient 6 who had relatively 
low plasma potassium levels was the only one of 
the group who suffered vomiting prior to the ob¬ 
servations. Abnormally high plasma potassium 
levels occurred in two patients whose filtration 
rates were not greatly reduced (patients 1 and 3), 
while conversely several of the patients with the 
lowest filtration rates had relatively normal plasma 
potassium levels. As was the case with plasma 
chloride, potassium plasma concentration was fre¬ 
quently above normal some days after recovery 
from acute nephritis. 

The absolute values for potassium excretion in 
the urine showed a distinct tendency to rise as 
diuresis and recovery from the acute renal disease 
took place. Normally, less than 20 per cent of the 
potassium filtered at the glomeruli appears in the 
urine (18). However, the fraction of filtered po¬ 
tassium which was excreted exceeded this value at 
some time in 10 of the 12 acute episodes of glo¬ 
merulonephritis. This phenomenon was most ap¬ 
parent among the patients with the greatest re¬ 
ductions in filtration rate but the relationship was 
not precise. Variations in excretion occurred in¬ 
dependently of the plasma potassium level. 

(4) Inorganic phosphate: The plasma level and 
urinary excretion of inorganic phosphate appear 
to be affected in acute glomerulonephritis to a 
lesser and more variable degree than potassium. 
The average initial plasma inorganic phosphate 
level for the 12 episodes was 3.7 mg./lOO ml., 
o- = 0.56 mg./lOO ml., as compared to 3.0 mg./lOO 
ml., 0 - = 0.47 mg./lOO ml. for 13 normal subjects 
under similar circumstances {i.e., during measure¬ 
ment of filtration rate). Only three of the 
nephritics had at any time a plasma inorganic 
phosphate level greater than the mean normal plus 
two standard deviations. Plasma levels of potas¬ 


sium and inorganic phosphate did not necessarily 
parallel one another. Unlike potassium, urinary 
inorganic phosphate excretion increased with im¬ 
provement in the renal lesion only occasionally. 
The fraction of filtered inorganic phosphate which 
was excreted by 13 normal subjects was quite vari¬ 
able, with a range from ,2.3 to 26.5 ing./lOO ml., 
a mean of 13.0 mg./lOO ml., a — 7.5. Neverthe¬ 
less, the mean normal value plus two standard de¬ 
viations was exceeded in nine of the 12 episodes of 
acute nephritis. 

(i) Ammonia e.vcrction: The mean ammonia 
excretion rate in nine normal subjects, measured 
during the estimation of glomerular filtration rate 
and renal plasma flow, was 13 microeq./minute. 
One subject’s rate was 2.7 microeq./minute, while 
the rates in the remainder varied between 11.6 
and 18.2 microeq./minute. Somewhat increased 
rates of ammonia excretion, varying between 21.3 
and 46.4 microeq./minute, were observed in five 
patients (patients 1-4 and 6) during the early 
phases of their acute glomerulonephritis (within 
tw’o weeks of onset). The excretion rates in these 
patients subsequently fell to between 3.7 and 15.8 
microeq./minute. These changes in ammonia ex¬ 
cretion could not be correlated precisely with the 
urinary pH. Several of the remaining patients 
occasionally exhibited ammonia excretion greater 
than the normal group, but generally the rates 
were in the neighborhood of 10 microeq./minute 
or less. 

DISCUSSION 

The pattern of renal dysfunction in acute glo¬ 
merulonephritis appears to be quite characteristic. 
Typically the glomerular filtration rate is reduced. 
Function of the proximal convoluted tubules as 
measured by the maximum excretory capacity for 
diodrast (Tmn) or p-aminohippurate (TmpAu) 
may also be reduced, but low filtration rate to Tm 
ratios reflect the greater impairment of glomeru¬ 
lar activity. Reabsorptive capacity for glucose 
may also be impaired but this function and the ex¬ 
cretory capacity of the tubules may be affected to 
different degrees in the same patient. 

That the reduced filtration fraction observed in 
acute glomerulonephritis represents a greater bar¬ 
rier to glomerular filtration than to the passage o 
blood through the glomerular apparatus has been 
suggested in an earlier study (1)- It is recognize 
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that, in fatal instances the glomerular tuft changes 
may be such as to obstruct the flow of blood. This 
mechanism may account for the usual autopsy 
description of “bloodless” glomeruli in such pa¬ 
tients.* However, in milder forms of the disease, 
high RPF/Tm ratios indicate relative renal hy¬ 
peremia, and at times, actual renal hyperemia (1). 

The characteristic renal functional disturbances 
of acute glomerulonephritis can persist in spite 
of circumstances that are ordinarily associated 
with quite different patterns of dysfunction. Thus, 
congestive heart failure (19-21) and hyperten¬ 
sion (22) are characterized by considerable re¬ 
duction in the renal plasma flow and by increased 
filtration fraction. However, a decreased filtra¬ 
tion fraction was observed in one patient ivhose 
acute glomerulonephritis was complicated by con¬ 
gestive heart failure, while the other patient with 
the same complication had a normal filtration 
fraction. Similarly, low filtration fractions oc¬ 
curred in many of the patients with acute nephri¬ 
tis in spite of significant hypertension. 

The majority of instances of acute glomerulo¬ 
nephritis heal completely, especially in the younger 
age group. Unfortunately, accurate prognosis in 
the early phases of the disease is practically im¬ 
possible, Renal function studies during the early 
stages of acute nephritis are of little or no assistance 
in determining the prognosis. Although the pa¬ 
tients in this study who had the greatest impair¬ 
ment of function did not recover, many observers 
have commented that even the most severe ure¬ 
mia is not incompatible with complete recovery 
(7), Conversely, the acute disease may be so 
mild as to almost escape attention and yet fail 
to heal (7). 

The functional changes during the exacerbation 
of chronic glomerulonephritis are similar to those 
of the initial acute episode. However, because re¬ 
nal function is usually already reduced to some 
degree in patients with the chronic disease, re¬ 
covery of function following the exacerbation is 
not ordinarily as complete as it is following the ini¬ 
tial acute attack. 

Edema is one of the most common manifesta- 

* The amount of blood in the glomerular capillaries in 
an autopsy specimen does not necessarily reflect the 
amount of blood present during life. Very few erythro¬ 
cytes are seen in the glomerular capillaries of animals 
sacrificed with entirely normal kidneys. 


tions of acute glomerulonephritis. Many ob¬ 
servers believe that generalized capillary damage 
accounts for the edema in the majority of instances. 
This belief is based chiefly on the common locali¬ 
zation of edema about the face and especially 
about the eyes (23), on the occurrence of edema 
and hypertension prior to or even without urinary 
abnormalities (24) and on older observations that 
edema fluid of acute glomerulonephritis contained 
relatively high amounts of protein (25). However, 
obvious accumulation of edema in the loose tissue 
of the face is not surprising in patients with fluid 
retention who are confined to bed and who do not 
have local or general elevation of venous pressure. 
Nor does the development of edema and hyper¬ 
tension prior to the appearance of urinary abnor¬ 
malities preclude the possibility of early renal func¬ 
tional involvement. And the most recent obser¬ 
vation on the edema fluids of acute nephritis 
reports the low protein content characteristic of 
transudates rather than of inflammatory reactions 
(26). 

Congestive heart failure (27) was a contribut¬ 
ing factor to the edema of only two of the 12 pa¬ 
tients with acute glomerulonephritis in this study 
while none exhibited the nephrotic syndrome. A 
renal mechanism for fluid and salt retention in 
acute nephritis, therefore, should receive serious 
consideration. The observed reduction of filtra¬ 
tion rate may well play some role in the pathogene¬ 
sis of the edema of acute glomerulonephritis. 
This is especially likely in those patients whose 
filtration rates were reduced suddenly and severely. 
However, at least one patient with massive edema 
had a filtration rate within the normal range. 
Further, the urea clearance in acute glomerulo¬ 
nephritis is not infrequently reduced out of pro¬ 
portion to the filtration rate and the degree of 
oliguria. Reabsorption of urea by the renal tu¬ 
bules appears to represent passive diffusion (28), 
A possible explanation of the low urea/inulin 
clearance ratio in these instances of acute glomeru¬ 
lonephritis could be damage to the renal epi¬ 
thelium. Such damage perhaps could permit in¬ 
creased back diffusion of salt as well as of urea. 
Certainly, the present data indicate, at least, that 
the diuresis during recovery from an episode of 
acute glomerulonephritis can take place without 
a concomitant increase in glomerular filtration 
rate. The increases in urea clearance with diure- 
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sis were not entirely dependent on the increase in 
urine flow, and thus may have been the result of 
reconstitution of the renal epithelium with return 
of function toward normal. 

Abnormalities in the plasma concentration and 
excretion of sodium, potassium, chloride and in¬ 
organic phosphate, although common in acute glo¬ 
merulonephritis were not well correlated with ob¬ 
served changes in renal functions. An increased 
fraction of filtered potassium excreted in the urine 
was one of the most consistent electrolyte abnor¬ 
malities in acute nephritis. This phenomenon has 
previously been noted in patients with advanced 
renal failure (29) and probably represents a for¬ 
tunate shift in glomerulo-tubular balance that 
permits maintenance of the plasma potassium level 
as closely as possible to the normal range in the face 
of decreased filtered loads of the ion. Whether de¬ 
creased tubular absorption of potassium or in¬ 
creased tubular excretion, both of which theo¬ 
retically can occur in chronic renal disease (29, 
30), is responsible is not certain. 

Ammonia excretion appeared to be increased 
somewhat during the early phases of acute glo¬ 
merulonephritis. Although rates of ammonia ex¬ 
cretion did not correlate precisely with urinary pH, 
_ the increased ammonia in the urine perhaps rep¬ 
resented a response to the acidosis that may have 
been present. Subsequently, ammonia excretion 
fell below the rates usually observed in normals, 
perhaps because of damage to the distal renal tu¬ 
bule cells. 

‘ SUMMARY AND CONCLUSIONS 

1. The typical renal functional disturbances in 
an acute episode of glomerulonephritis issues from 
the characteristic glomerular lesion which leads 
to an excessive reduction in filtration rate and fil¬ 
tration fraction. Excretory and reabsorptive func¬ 
tions, as measured by TmpAH and Tm glucose, 
respectively, are less extensively reduced. 

2. The changes in renal functions are similar 
in the exacerbation in chronic glomerulonephritis. 

3. The typical changes are noted in spite of 
hypertension or the development of congestive 
heart failure, conditions otherwise characterized 
by an increased filtration fraction. 

4. The degree of abnormality and altered inter¬ 
relations of renal functions are of little assistance 
in arriving at a prognosis. Considerable improve¬ 


ment in all functions usually follows an acute epi¬ 
sode, although the rate of recovery is highly vari¬ 
able. Function also improves following an ex¬ 
acerbation but does not return to normal because 
of pre-existing impairment effected by chronic 
disease. 

5. Salt and water diuresis during the recovery 
phase of acute glomerulonephritis may take place 
without change in glomerular filtration rate. 
Urea clearance is sometimes reduced out of pro¬ 
portion to the filtration rate in acute glomerulo¬ 
nephritis, and during recovery may increase with¬ 
out change in filtration rate. 

6. Serum sodium concentration is normal or 
slightly low while plasma chloride, potassium and 
inorganic phosphate levels are sometimes above 
normal. These changes are not related to the de¬ 
gree of abnormality observed in renal functions. 

7. Sodium and chloride excretion more or less 
parallel one another. Potassium excretion is de¬ 
pressed during the early stages of acute glomerulo¬ 
nephritis and increases during the diuresis of the 
recovery phase. A greater fraction than normal 
of filtered potassium and inorganic phosphate ap¬ 
pear in the urine in the majority of patients, 

8. Ammonia excretion is greater than normal 
during the early phases of acute glomerulonephri¬ 
tis but subsequently falls below the usual normal 
range. 
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It is well recognized tliat interruption of the 
lower thoracic and lumljar sympathetic nerves, 
or the administration o! certain iiypotensive drugs 
particularly sodium nitrite and the "‘sympatholytic" 
agents may cause hypotension and collapse in the 
erect position. It has been postulated that this 
hypotensive reaction is due to pooling of blood in 
the dependent parts of the body, particularly in the 
splanchnic vascular bed with consequent failure 
of venous return and. hence, of cardiac output (I). 

During studies on the hemodynamic effects of 
hypotensive drugs in man we have observed sud¬ 
den and marked reductions of arterial pressure 
frequently with collapse occurring in the supine 
position. This phenomenon was induced by sub¬ 
jecting the limbs to brief periods of venous con¬ 
gestion, after the administration of certain hypo¬ 
tensive agents (2). This paper presents data on 
the types of agents that cause this phenomenon as 
well as an analysis of the mechanisms whereby the 
effect is produced. 

MATERIALS AND METHODS 

The subjects were patients both hypertensive and nor- 
motensive from the hospital wards. Arterial pressure 
was recorded either by the usual auscultatory method or 
optically with a Hamilton manometer connected to an 18 
gauge needle inserted into the brachial artery. 

With the patient in the supine position, inflatable cuffs 
connected to a large air reservoir bottle were applied 
proximally to both thighs and one arm and were held in 
place by covering the cuffs and adjacent skin with gau 2 (e 
bandage. In all of the hypertensive patients the limbs 

^ Supported in part by research grants from the Na¬ 
tional Heart Institute, U. S. Public Health Service, E. K- 
Squibb and Sons, New York, N. Y., and Irwin, Neisler 
and Company, Decatur, Ill. 

- Captain, M.C., U.S.A.F. 


were congested with a pressure of 100 mm. Hg and in the 
normotensive subjects at pressures of 60 to 80 mm. Hg. 
Before and after the administration of each of the various 
drugs tested the e.xtremities were congested for five min¬ 
utes unless collapse supervened. After each drug the 
blood pressure was recorded frequently. The point at 
which the blood pressure leveled off or began to rise was 
taken as the point for applying venous congestion. A 
similar procedure was used in the venesection experiments. 

The volume of blood trapped in the congested ex¬ 
tremities was determined according to the method of 
Ebert and Stead (3) following a congestion period of 
five minutes, instead of seven to 10 minutes as used by 
those investigators. The shorter congestion period may 
account for the fact that in the present experiments the 
volume of blood trapped in the extremities usually was 
smaller than that observed by Ebert and Stead. 

Following the congesting period the pressure in the 
cuffs was raised to 250 mm. Hg after which the dye 
T-1824 was injected. Samples were drawn at eight and 
10 minutes afterwards. The occluding cuffs were then 
released and further sampling was carried out at 18 and 
20 minutes. The latter samples were used to determine 
total blood volume while the former were used to deter¬ 
mine the volume of that portion of the body not removed 
from the general circulation by the occluding cuffs. It 
was found that the dye density values of the eight and 
10 minute samples agreed closely with each other indi¬ 
cating that mixing was essentially complete at the end of 
eight minutes. Similarly the 18 minute were in good agree¬ 
ment with the 20 minute samples. The results of other 
investigations (4-7) also indicate that in normal sub¬ 
jects equilibration of dye is complete in less than eight 
minutes. Hence, it seems probable that this method was 
sufficiently accurate for the present purposes. 

The segment plethysmograph used to determine changes 
in calf volume was the same as that described by Wilkins 
and Eichna (8) with the exception that proximal and dis¬ 
tal blood pressure cuffs were not applied since in the 
present experiments the plethysmograph was used to de¬ 
termine volume changes rather than blood flow. 

In the venesection experiments a 15 gauge needle was 
inserted into an antecubital vein and the blood introduced 
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into a vacuum flask cuntainiiii- 130 cc. of acid citrate <lex- 
trose solution (ACD). Immediately followiuK comple¬ 
tion of die bleeding period the flask was inverted, and then 
pressurized by raising it and introducing air into it 
order to hasten the return of blood to the circulation. 


u\ 


kksults 

Effect of various hyMcnsirc agents in the produc¬ 
tion of collapse during venous congestion of 
the e.vireinilies 

In the control period, prior to the administra¬ 
tion of any drug only two of the 24 subjects ex¬ 
hibited a significant reduction of arterial pres¬ 
sure during congestion of the extremities for a 
five minute period. In these two cases (G. S. 
and J. L., Table I) the reductions in avera^m 
/systolic-h diastolicN . ^ 

\ 2 ^ ) ^I'tei'ial pressure were 10 and 

12 per cent, respectively. Neither of these patients 
exhibited signs of collapse. 

Five patients who received sodium nitrite in 
doses of 90 to 210 mg. by mouth exhibited changes 
in average arterial pressure varying from 4- 1 to 
- 44 per cent (mean - 25 per cent) during con- 


Ke.^tion of the extremitic.-,. Three of tlie.-,e sub¬ 
jects developed marked hypotension and symptoms 
of collapse within two to three minutes after the 
congesting pressures were ajiplied. 

I i\e subjects were given 0.5 mg. of dihyclro- 
m-gocornine (DUO) intravenously. During con¬ 
gestion the changes in average arterial pressure 
in the.se patients varied between -f 6 and - 48 per 
cent (mean - 27 per cent). Three of these sub- 
jectx developed signs of colla[)se prior to the end 
of the five minute congesting period. 

In three subjects given tetraethylainmoniiim (250 
to 400 mg^ intravenousU’) none developed collapse 
tlnnng congestion of the limbs although all ex¬ 
hibited reductions in average arterial pressure 


varvmg from — 4 to —22 per cent (mean —15 
pel cent). However, all of the four subjects given 
the longer acting and more potent ganglionic block- 
agent hexamethonium (C,;) developed col¬ 
lapse within two to five minutes of venous con¬ 
gestion. I he reduction of arterial pressure in this 
group of patients varied between — 16 and — 56 
per cent (mean — 37 per cent). 


pt. 


R. M. 
A. a. 
E. C. 
M. S. 
A. P. 

K. M. 
J. S. 
E. M. 
J. G. 

S. K. 

R. K. 
E. S. 
J. L. 
G. S. 
A. J. 

T. B. 

L. M. 

S. W. 

A. L. 
E. S. 

B. G. 

C. B. 
J. Me. 
E. S. 


The off eel of various hyfotensive agents on the arterial pressure during congestion of the extrenuties 
__ oj ansympathcctonuzed patients ■ 


Sex 


M 

M 

F 

M 

M 

F 

F 

F 

M 

M 

M 

F 

M 

M 

F 

M 

M 

M 

M 

M 

M 

F 

M 

F 


Age 


24 

48 
43 
22 
28 

51 
45 
29 
28 
43 

49 

52 
28 
42 
49 
40 

37 
54 
27 
61 

38 
56 
52 
52 


Drug 


Sodium nitrite 

Sodium nitrite 

Sodium nitrite 

Sodium nitrite 

Sodium nitrite 

DHO 

DHO 

DHO 

DHO 

DHO 

TEAC 

TEAC 

TEAC 

Ce 

Co 

Co 

Co 

Sodium amytal 

Sodium amytal 

Sodium amytal 

Veratrone 

Veratrone 

Vertavis 

Vertavis 


Dose and route 


180 mg. P.O. 
120 mg. P.O. 

90 mg. P.O. 

180 mg. P.O. 
210 mg. P.O. 

0.5 mg. I.V. 

0.5 mg. I.V. 

0.5 mg. I.V. 

0.5 mg. I.V. 

0.5 mg. I.V. 

300 mg. I.V. 

250 mg. I.V. 

400 mg. I.V. 

50 mg. I.V. 

50 mg. I.V. 

50 mg. I.V. 

SO mg. I.V. 

0.25 gm. I.V. 
0.75 gm. I.V. 

0.5 gm. I.V. 

0.8 cc. I.M. 

1.0 cc. I.M. 

40 CRAW V.PO. 
40 CRAW V.PO. 


Control 

1 Post-drug period 

Arterial pressure 

Cliange 

1 .Arterial pressure 

Cliangt 

1 Collapse 

Basal 

.After live 
min. of 
congestion 

mean* 

arterial 

pressure 

Basal 

1 After five 
min. or less 
of congestion 

mean 

arterial 

pressure 

mm. Hg 

mm. Hg 

per cent 

mm. Hg 

mm. Hg 

per cent 


200/120 

190/112 

- 5 

180/106 

15.5/100 

-11 

0 

226/128 

246/146 

-PH 

170/115 

98/66t 

-44 

+ 

225/109 

210/118 

— 2 

178/99 

88/70j 

-43 

+ 

118/68 

114/64 

- 4 

96/50 

68/40 

-26 

+ 

180/110 

174/110 

- 2 

170/106 

176/106 

+ 1 

0 

218/120 

214/128 

+ 1 

184/94 

90/56 

-48 

+ 

194/110 

192/102 

- 3 

174/90 

176/99 

-f- 6 

0 

204/104 

191/112 

"f 3 

188/104 

108156 

-43 

+ 

126/84 

111/79 

- 9 

130/82 

95/65 

-25 

0 

120/82 

114/78 

- 5 

114/76 

85/62 

-23 

+ 

197/120 

212/133 

+ 9 

160/106 

127/89 

-19 

0 

255/142 

252/149 

+ 1 

236/146 

220/142 

- 4 

0 

140/80 

118/78 

-12 

128/80 

100/62 

-22 

0 

180/110 

160^00 

-10 

160/100 

80/60 

-56 

+ 

170/120 

164/126 

0 

128/100 

90/80 

-25 

+ 

170/110 

155/120 

- 2 

110/80 

85/75 

-16 


170/US 

160/120 

- 1 

150/110 

75/155 

-SO 

+ 

231/118 

220/123 

- 2 

200/110 

192/110 

- 6 

0 

130/96 

122/92 

- 5 

128/100 

118/100 

- 5 

0 

180/104 

176^08 

0 

138/100 

124/96 

- 8 

0 

210/128 

204/124 , 

- 3 

164/96 

162/100 

+ 1 

0 

272/180 

276/182 

+ 1 

142/94 

146/100 

+ 4 

0 

265/160 

266/165 

+ 1 

155/117 

145/131 

+ 2 

0 

255/142 

252/149 

+ 1 

200/112 

196/114 

- 1 

0 


* “Mean” arterial pressure = sv^tolic -f diastolic pressure 

2 

t Collapse occurred 2\ minutes after applicadon of congesting pressure. 
t Collapse occurred two minutes after application of congesting pressure. 


“congestion-collapse" after certain hypotensive agents 
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TABLE II 

The amount of blood trapped in the extremities subjected to venous congestion before and after 
sodium nitrile, dihydroergocornine and hexamelhonium 



Control 1 

After drug 

Subject 

1 VoJumc of 
, blood in 

1 trunk, head 
and arm 

' Total j 

blood 

I volume 1 

Ulood 
trapped in 
congested 
Umba 

Drug dose 
and route 

Volume ot 
blood in 
trunk, head 
and arm 

Total 

blood 

volume 

Blood 
trapped in 
congested 
limbs 

J. G.* 

cc. 

: 4,700 

CC. 1 

6,3S0 1 

i 

cc. 

1,650 

DHO 

0.5 mg. I.V. 

cc. 

4,860 i 

1 

CC. 

6,400 i 

CC. 

1,540 

S. K.* 

•1,150 

5,480 

1 

1,330 

DHO 

0.5 mg. I.V. 

4,070 ! 

5,460 

1,390 

M. S.* 

4,040 

5,075 

1 

1,025 

Sodium nitrite 
210 mg. P.O. 

4,055 

5,020 

965 

R. iM.* 

2,990 

4,230 

1,240 

Sodium nitrite 
180 mg. P.O. 

3,010 

t 4,280 

1 

1 1,270 

I.P. 

5,540 

6,660 

1,120 

i Hexamethonium 
j 50 mg. I.V. 

5,450 

6,540 

1,090 


* Data on the changes in arterial pressure given in Table I. 


No significant reductions of arterial pressure 
occurred during congestion of the extremities of 
three patients given 0.25 to 0.75 gm, of sodium 
amytal intravenously, two subjects given 0.8 or 
1.0 cc. of Veratrone (tincture of veratrum viride) 
intramuscularly and two patients given 40 Craw 
units of Vertavis (whole powdered root and rhi¬ 
zomes of veratrum viride) orally. In all of the 
latter cases significant reductions of basal arterial 
pressure had occurred following the administra¬ 
tion of veratrum viride. 

The signs and symptoms related to the collapse 
state induced by sodium nitrite and the “sympatho¬ 
lytic" agents during congestion of the extremities 
resembled those observed in other types of acute 
hypotension such as carotid sinus and vaso-vagal 
syncope, or postural hypotension. The pulse pres¬ 
sure became small and bradycardia frequently de¬ 
veloped. Pallor, yawning, sweating and vomiting 
sometimes occurred. The patients experienced 
faintness, giddiness and at times nausea. 

For example, patient E. C. (Table I) who re¬ 
ceived 180 mg, of sodium nitrite by mouth 30 
minutes prior to congestion exhibited a marked 
reduction of arterial pressure from 178/100 to 88/ 
70 mm. Hg within three minutes after the venous 
tourniquets had been applied. Accompanying the 
hypotensive response there was profuse sweating, 
pallor and bradycardia. The patient complained 


of faintness and nausea. Release of the congesting 
pressure at this time and tilting the patient into a 
five degree head-down position failed to relieve her 
symptoms. The arterial pressure continued to 
fall and one minute after releasing the pressure in 
the cuffs it was 48/33 mm. Hg and the heart 
rate was 58 per minute. Four minutes after re¬ 
leasing the congesting pressure the arterial pres¬ 
sure had risen to 110/78 mm. Hg and the heart 
rate to 72 per minute at which time the patient 
felt improved. 

T/te amount of blood trapped in the congested 
limbs 

In one hypertensive and four normotensive sub¬ 
jects the amount of blood trapped in the congested 
limbs was determined by the dye method of Ebert 
and Stead (3). In the control period the amount 
of blood present in both lower extremities and one 
upper extremity during congestion varied between 

I, 025 and 1,650 cc. with a mean of 1,273 cc. (Table 

II, Figure 1). There were no significant changes in 
arterial pressure. Two subjects received sodium 
nitrite, two were given DHO and one received hex- 
amethonium. During the congestion period fol¬ 
lowing these drugs all of the subjects exhibited sig¬ 
nificant reductions of arterial pressure and three 
developed marked hypotension and symptoms of 
collapse (Table II). The latter occurred two to 
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Fig. 1. Chart of Arterial Pressure, Increase in 
Volume OF Calf Segment, Amount of Blood Trapped 
IN THE Extremities and Congesting Cuff Pressures 

BEFORE AND AFTER INTRAVENOUS HexAMETHONIUM (50 
mg.) IN Subject I.P., Normal Male, Aged 28 
In the control period the arterial pressure was well 
maintained during venous congestion of the extremities 
tor minutes. Following hexametlionium and ZVi min¬ 
utes after the venous tourniquets had been applied, hypo¬ 
tension and collapse developed. However, tlie amount of 
blood trapped m the congested extremities was less and 
the increase in volume of the calf segment was not as 
great as in the control period. 


four minutes after the beginning of congestion. 

his necessitated application of occluding pressure 
prior to the end of the five minute congestion pe¬ 
riod. This was done in order to prevent blood 
from either entering or leaving the limbs while 
the patient was tilted into a head-down position 
and allowed to recover during the time that the 
blood volume determinations were being com¬ 
pleted. 


^ The amount of blood present in the congested 
limbs during the experimental period varied be¬ 
tween 965 and 1,540 cc. (mean 1,263 cc.). In two 
subjects there was a sliglit increase in the amount 
of blood trapped in the limbs in the post-drug as 
compared to the pre-drug congestion period and 
in three cases a slight decrease. In no case did the 
pre-and post-drug values vary from each other by 
more than 12 per cent. 

Changes in calf volume during venous congestion 
of the extremities 

In order to corroborate these observations indi¬ 
cating that no more blood is trapped in the limbs 
during venous congestion after as compared with 
before the administration of agents which induce 
congestion collapse,” the volume changes in the 
calf were measured using a plethysmograph. 
Hexametlionium was administered to all of the 
subjects. 

In the control period the increase in volume of 
the calf segment during four and one-half to six 
and one-half minutes of venous congestion varied 
between 2,4 to 5.2 cc. per 100 cc. of limb volume 
(mean 3.8 cc.) (Table III, Figure 1). Hypoten¬ 
sion did not occur in any of these subjects. 

After hexamethonium five of the six subjects 
developed severe hypotension during periods of 
congestion of one and one-half to four minutes. 
The increase in calf volume varied between 2.0 
and 3.6 cc. (mean 2.7 cc.). Subject P. G. did not 
develop severe hypotension during application of 
venous tourniquets for five and one-half minutes. 
The rate of increase in calf volume during con¬ 
gestion usually was greater after as compared to 
before hexamethonium (Figure 1). However, in 


TABLE in 

The increase in volume of the calf segment during afplxatioK cf venous tourniquets before and after 
_ ‘he adnnmstration kr.xametkonium 


Subject 

Control 

After hexamethonium (SO mg. I.V.) 

Increase in 
volume of 
calf segment 

Duration of 
venous 
congestion 

Development 
of hypo¬ 
tension 

Increase in 
volume of 
calf segment 

Duration of 
venous 
congestion 

Development 

of hypo¬ 
tension 


cc. per 100 cc. 
limb volume 

minutes 


cc. Per 100 cc. 
limb volume 

minutes 


A. G. 

3.0 


0 

2.8 

H i 

+ 

I. r. 

4.0 

5i 

0 

3.0 


-h 

A. H. 

5.2 

6} 

0 

2.3 


4“ 

P. G. 

2.8 

4y 

0 

5.0 


0 

J. D. 

3.0 

5 

0 

3.6 

4 

+ 

L. B. 

2.4 


0 

2.0 

H 

+ 
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TABLE IV 

The effect of dihydroergocornine (DIIO), hexamethonium (Cj), and sodium nitrite on the arterial pressure and heart rate 
folloiL'ing lenesectian and subsequent return of the removed blood to the circulation 


Pl 

Drug, 

(5om 

and 

route 

Before dtOB 

After drug and 
trefore 
venesection 

Ourins venesection 

During return of removed blood 

Blood 

rc* 

moved 

Time from 
beginn/ng 
ot venc* 
section 

Arteria/ 

pressure 

Heart 

rate 

Blood 

re¬ 

turned 

Time from 
beginning 
of return 

Arterial 

pressure 

Heart 

rate 

Arterial 

pressure 

Heart 

rate 

Arterial 

pressure 

Heart 

rate 




per 


Per 




per 




per 



mm. Ill 

min. 

mm. lit 

mtn. 

cc. 

minutes 

mm. Ill 

mtn. 

cc. 

minutes 

mm. Hg 

min. 

L. H. 

c. 

170/100 

82 

140/80 

86 

100 

2 


92 


2 

130/70 

81 


so mg. 





200 

3 


92 

El 

8 

140/80 

80 


I.V. 





300 

4 

115/75 

■nni 

HI 

16 

150/85 

80 







400 

8 


100 

400 

21 

mm 

80 







500 

12 

98/60 

80 

500 

26 

180/96 

82 

J.B. 

C. 

220/120 

88 

140/90 

84 

100 

1 


84 

PI 

1 

90/65 

84 


SO mg. 





200 

2 

120/85 

80 

PI 

2 

100/70 

80 


I.V. 





300 

5 

115/75 

80 

PI 

4 

130/90 

80 







400 

6 

98/70 

88 


7 

135/95 

76 







500 

8 


80 

500 

9 

140/100 

76 

M. D. 

DHO 

130/100 

84 

130/100 

84 

100 

2 

115/85 

80 

100 

3 

110/80 

88 


0.5 mg. 





200 

4 

110/85 

92 

200 

6 

105/80 

84 


I.V. 






7 


96 

300 

7 

100/85 

80 








12 


96 

400 

9 

110/^ 

80 







500 

15 

96in 

104 

500 

12 

110/90 

72 

M. C. 

DHO 

220/160 

80 

220/140 

80 

PI 

2 

190/120 

80 

125 

4 

160/110 

76 


O.S mg. 





PI 

4 

140/105 

76 

250 

9 

m /120 

76 


I.V. 





PI 

5 

120/90* 

80 





E. A. 

NaNO, 

122/82 

94 

122/82 

96 

100 

2 

108/84 







210 mg. 





200 

5 

fnaum 







P.O. 





300 

9 

108/78 












400 

17 

105/72 






E. R. 

NaNO, 

240/140 

60 

180/120 

84 

100 

1 


92 

120 

2 

135/95 

80 


240 rag. 





200 

4 


92 

200 

3 

145/100 

76 


P.O. 





300 

7 

150/110 

96 

300 

7 

145/110 

80 







400 

10 


104 

400 

11 

160/120 

72 







525 

15 

125/85 

84 

525 

IS 

160/120 

72 

W.O. 

NaNO, 

190/115 

80 

195/112 

80 

150 

1 


84 

150 

2 

160/108 

84 


120 mg. 





300 

2 


88 

400 

4 

150/110 

SO 


P.O. 





400 

4 


88 

500 

6 

160/110 

82 







500 

6 


88 






* Yawning, pallor, feels faint. 


four of the five patients who developed hypoten¬ 
sion during the post-drug congestion period 
marked reduction in arterial pressure occurred 
before the total increase in calf volume was as 
great as that observed at the end of the pre-drug 
congestion period. 

The estimation of the amount of blood trapped 
in the congested limbs as determined by the ple- 
thysmographic method agrees approximately with 
that obtained by the dye method. Previous studies 
estimate that about 750 cc. of blood are normally 
present in the lower extremities (3). The average 
amount of blood found in the congested extremities 


was 1,270 cc. Thus, the excess of blood pooled 
out was approximately 1,270 — 750 or 520 cc. Us¬ 
ing the plethysmographic method the average in¬ 
crease in calf volume during the control period was 
approximately 5.6 cc. per 100 cc. of limb volume. 
If the volume of both lower extremities is estimated 
to be approximately 10 liters the amount of blood 
pooled out would be 5.6 X 100 or 560 cc. It should 
be emphasized that this is a crude estimation since 
the plethysmograph measures the volume change 
in only one segment of the limb which may repre¬ 
sent a selective rather than a representative por¬ 
tion of the vascular bed being congested. 
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Effects of certain hypotensive drugs ou the arterial 
pressure during venesection 

Seven patients, of whom five were hypertensive, 
were bled rapidly from an antecubital vein witli 
removal of 250 to 525 cc. of blood (Table IV). 
Two patients received 0.5 mg. of dihydroergocor- 
nine intravenously, two were given 50 mg. of hexa- 
methonium by the same route and tliree received 
120 to 240 mg. of sodium nitrite orally. All of 
these patients exhibited reductions of average ar¬ 
terial pressure varying from — 10 to — 42 per 
cent; in five patients the reduction exceeded ~ 24 
per cent. Two patients developed signs of col¬ 
lapse after withdrawal of 250 and 500 cc, of blood, 
respectively. 

The arterial pressure did not fall precipitously 
at any point in the bleeding period. Instead there 
usually was a stepwise decrease with each 100 cc. 
of blood removed (Table IV and Figure 2). Simi¬ 
larly on returning the blood to the circulation the 
increase in arterial pressure paralleled the rate at 
which the blood was reinfused. Thus, there was 

''v 

no ^vjdence of a critical amount of blood loss as in 


untreated subjects beyond which "compensation” 
fails and the arterial pressure falls suddenly. 

As a control the arterial pressures of eight blood 
donors were measured during venesection. No 
pretreatment with hypotensive agents bad been 
given. The removal of 500 cc. of blood at a similar 
rate from each of the donors resulted in a decrease 
of average arterial pressure of — 8 to + 2 per cent 
(average — 3 per cent). 

Absence of congestion collapse after hypotensive 

drugs in partially synipathectomiced subjects 

Eight hypertensive patients who had undergone 
either a lumbodorsal, or a transthoracic splanch- 
nicectomy four months to five years previously 
were studied. Two patients received sodium ni¬ 
trite in doses of 150 to ISO mg. orally, one re¬ 
ceived 0.3 mg. of the mixed dihydrogenated alka¬ 
loids of ergot (CCK) intravenously and five were 
given 50 mg. of intravenously (Table V). In 
only two subjects were significant decreases in 
average arterial pressure observed (—11 and — 22 
per cent, respectively) during the post drug con 
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TABLE V 

The effect of sodium nitrite, Ci and CCK on the arterial pressure during congestion of the 
extremities of sympathectomized patients 








Control 



Po3t-drug period 


Ft. 

Sex 

Age 

Drug 

Dose 

oud 

Arterial pressure 

Change 

Arterial pressure 

Change 






route 

Ba5al 

After five 
min. of 
congestion 

mean* 

arterial 

pressure 

Basai 

After five 
min. of 
congestion 

mean 

arterial 

pressure 

CoJIapse 

M. C. 

F 

44 

Sodium 

150 mg. P.O. 

mm, Hg 

164/100 

mm, 3g 

159/104 

■mi 

mm, Hg 

156/101 

mm, Bg 

160/105 

per cent 

+ 3 

0 

P. D. 

M 

38 

nitrite 

Sodium 

180 mg. P.O. 

170/110 

168/108 

H 

146/94 

134/90 

- 7 

0 

H.F. 

M 

36 

nitrite 

CCK 

0.3 mg. I.V. 

212/128 

215/135 


225/135 

220/m 

0 

0 

H. M. 

F 

43 

C. 

50 mg. I.V. 

210/125 

200/130 


150/90 


-h 6 

0 

M. D. 

F 

44 

C, 

50 mg. I.V. 

m/120 

185/120 

-1 

'UjJlUjjljM 


- 4 

0 

D. H. 

F 

35 

c, 

50 mg. I.V. 

220/140 


-5 

■tvSitM 

WPS * fffrM 

0 

0 

C. M. 

M 

47 

c, 

50 mg. I.V. 

210/140 

210/138 

-1 



-11 

0 

P. D. 

M 

38 

c. 

SO mg. I.V. 

164/110 

■iiil 

-2 

124/95 

90/60 

-22 

0 


• “Mean" arterial pressure 


systolic diastolic pressure 
2 


gestion period. Neither of these subjects de¬ 
veloped signs or symptoms of collapse. Six of the 
eight had significant reductions of basal arterial 
pressure following the hypotensive agents and all 
of these exhibited increased postural hypotension. 

DISCUSSION 

The development of collapse during venous con¬ 
gestion of the extremities has been observed in 
normal subjects (3) and in patients who have 
suffered recent blood loss (9). Our observations 
indicated, however, that patients given certain hy¬ 
potensive agents are unusually susceptible to the 
development of collapse produced by venous tour¬ 
niquets and/or hemorrhage. The type of hypo¬ 
tensive agents producing this phenomenon were 
those which also cause postural hypotension (10, 
11), that is, sodium nitrite, hexamethonium, tetra- 
ethylammonium and the dihydrogenated alkaloids 
of ergot; whereas hypotensive drugs such as vera- 
trura viride and sodium amytal which do not ordi¬ 
narily cause postural hypotension also did not in¬ 
duce congestion collapse. 

The increased susceptibility to collapse during 
venous congestion following sodium nitrite and 
the sympatholytic agents conceivably might be due 
to one of several mechanisms. Ebert and Stead 
have demonstrated that considerable amounts of 
blood may be trapped out of the central circula¬ 


tion during venous congestion of the limbs (3). 
They showed that if venous tourniquets were ap¬ 
plied for ten minutes or longer almost 30 per cent 
of the total blood volume may be present in the 
congested extremities resulting in collapse even 
in normal untreated subjects. It should be noted 
that the period of venous congestion had to be 
longer than five minutes to produce collapse in 
these untreated subjects. Since, in the present ex¬ 
periments with sodium nitrite and the “sympatho¬ 
lytic agents” hypotension appeared early in the 
congestion period it seemed possible that these 
agents induced greater pooling of blood in the con¬ 
gested extremities. This might have resulted from 
a reduction of “post-arteriolar tone” in the con¬ 
gested limbs produced by these drugs. The in¬ 
creased vascular capacity would thus produce criti¬ 
cal loss of blood volume from the central circula¬ 
tion. However, this possibility was disproven by 
actual measurement of blood volume trapped in 
the limbs which demonstrated that despite the ap¬ 
pearance of hypotension no more blood was trapped 
out during the post-drug as compared to the con¬ 
trol congestion periods. 

Plethysmographic measurement of the increase 
in volume of the calf during congestion also failed 
to reveal a greater increase in calf volume after as 
compared with before administration of these 
agents. In several instances the rata of increase in 
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calf volume was greater following the drug sug¬ 
gesting a decrease in arteriolar and/or post-ar¬ 
teriolar tone (or a failure of reflex arteriolar con¬ 
striction in the limb). However, marked hypo¬ 
tension occurred before the total volume increase 
was as great as that achieved at the end of five 
minutes of congestion in the control period. Thus, 
the observed changes in calf volume provided 
additional confirmatory data that the collapse was 
not associated with increased amounts of blood 
trapped in the limbs. 

The increased rate of blood loss to the extremi¬ 
ties following these hypotensive agents may have 
contributed somewhat to the collapse reaction by 
producing a rapid decrease in venous return and 
hence of cardiac output. However, the venesection 
experiments demonstrated that increased rate of 
blood loss was not the major cause of the hypo¬ 
tensive reaction. Figure 2 shows that the arterial 
pressure fell despite gradual removal of 500 cc. of 
blood over a period of eight minutes, whereas a 
similar rate of removal in the control subjects of 
these venesection experiments had no significant 
effect on the arterial pressure. 

Another possible explanation for the increased 
susceptibility to congestion collapse was that the 
hypotension was due to failure of homeostatic 
vasoconstriction either arteriolar, post-arteriolar 
or both, in areas other than in the congested limbs 
(12). The vascular system in essence is com¬ 
posed of a pump, an arterial conduit leading to a 
capillary reservoir and a return or venous conduit. 
The capillary reservoir which has a'huge capacity 
in comparison to the total blood volume is capable 
of considerable variation in volume. If the reser¬ 
voir were to enlarge to its full capacity blood would 
be lost from the large conduits, whereas if it be¬ 
came smaller an excessive amount of blood would 
be forced into the central circulation. If this closed 
system were static, blood loss would produce a fall 
in pressure throughout and a diminution of venous 
return. However, since the normal vascular sys¬ 
tem is dynamic, the capillary reservoir is capable 
within certain limits of reducing its capacity in 
proportion to the degree of blood loss. Thus, the 
venous conduit remains filled and venous pressure 
and return are maintained. Certain hypotensive 
agents by doing away with the ability to reduce the 
volume of the capillary beds convert the vascula¬ 


ture into a more static system with the result that 
during blood loss the pressure falls throughout and 
venous return fails, 

If the collapse were due to failure of compensa¬ 
tory reactions to minor degrees of blood loss from 
the central circulation it would be expected that 
moderate blood loss by any route including vene¬ 
section would produce a similar hypotensive reac¬ 
tion. After the administration of sodium nitrite, 
the mixed dihydrogenated alkaloids of ergot or 
hexamethonium, hypotension and collapse did oc¬ 
cur following blood loss by venesection in amounts 
insufficient to induce significant hypotension in 
untreated individuals. These venesection experi¬ 
ments, therefore, provided direct evidence that the 
collapse during the post-drug congestion period 
was due to failure of compensatory vasoconstric¬ 
tion in the presence of relatively small amounts of 
blood loss. 

The present data are not inconsistent with pre¬ 
vious observations that sodium nitrite reduces “ve¬ 
nous” (post-arteriolar) tone but does not prevent 
sympathetic vasoconstrictor reflexes involving the 
arterioles (10, 11). In the prior studies graded 
congesting pressures of 10 to 50 mm. Hg were ap¬ 
plied for brief periods of only a few seconds to 
demonstrate the reduction in post-arteriolar tone 
(10). However, it must be emphasized that the 
congesting pressures of 60 to 100 mm. Hg used 
in the present experiments are far higher than 
those normally present in the capillaries and ven¬ 
ules (13), When such pressures are applied for 
as long as five minutes maximum filling of the post- 
arteriolar vascular bed must occur whether or not 
sodium nitrite has been given. This accounts for 
the fact that no more blood was trapped out after 
as compared to prior to sodium nitrite. Collapse 
occurs in the post-nitrite congestion period not 
because of a greater total amount of blood pooled 
in the limbs but rather from failure of a com¬ 
pensatory reduction in the volume of the post-ar¬ 
teriolar vascular bed in areas other than in the 
congested limbs. Although this action of sodium 
nitrite is not definitely clarified the available data 
imply that while the drug does not prevent ar¬ 
teriolar constriction it must have some paralytic 
action on the post- arteriolar blood vessels (10). 
In this respect it differs from the sympatholytic 
agents which markedly inhibit reflex arteriolar 
constriction (11). 
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Perhaps o£ greater significance was the observa¬ 
tion that withdrawal of a relatively small amount 
of blood by venesection, that is, 100 cc. or 2 to 3 
per cent of the total blood volume, resulted in a 
perceptible decrement in arterial pressure after 
premedication with a hypotensive drug. This was 
particularly apparent after hexamethonium, a drug 
which apparently produces relatively complete 
sympathetic blockade in man (14). Such obser¬ 
vations provide an index of the sensitivity of the 
homeostatic regulators of the circulation. These 
data suggest that in the normal, untreated indi¬ 
vidual losses of less than 5 per cent of the total 
blood volume stimulate compensatory decreases in 
the capacity of the vascular tree. 

Following administration of adequate doses of 
the sympatholytic agents the subsequent level of 
arterial pressure depended in large measure on 
the position of the patient. A head down posture 
usually prevented marked hypotension while a 
slight head up tilt of the body precipitated collapse. 
In the supine patient following the administration 
of Ca marked reductions in arterial pressure could 
be induced either by tilting, venous tourniquets or 
moderate degree of blood loss by venesection. 
These observations are consistent with the con¬ 
cept that the sympathetic vasoconstrictor nerves 
and associated medullary vasomotor centers are 
primarily concerned with the rapid reflex adjust¬ 
ment of the capacity of the vascular system, toward 
regulation of arterial pressure under stress, rather 
than in the primary regulation of the "basal” level 
of blood pressure. 

The resistance of partially sympathectomized 
subjects to collapse during venous congestion ap¬ 
pears most likely to be related to the mechanisms 
which result in a gradual restoration of vascular 
“tone” in denervated areas. This resumption of 
tone is seen in the disappearance of increased blood 
flow in the forearm (15), in the hand (16), and 
in the hepatic-portal circuit (17) after regional 
sympathectomy as well as the gradual diminution 
of postural hypotension in patients who have un¬ 
dergone extensive splanchnicectomy (18). The 
mechanism whereby vascular tone is regained is 
unknown (19), but apparently, as evidenced by the 
present experiments, it results in attainment of 
at least partial homeostasis without dependence on 
local sympathetic vasoconstrictor reflexes. 


SUMMARY AND CONCLUSIONS 

1. The prior administration of sodium nitrite, 
the dihydrogenated alkaloids of ergot, hexarae- 
thonium, and to a lesser extent tetraethylam- 
monium to normotensive or hypertensive patients 
resulted in a state of increased susceptibility to the 
development of hypotension and collapse when the 
limbs were congested with venous tourniquets. 

2. Veratrum viride and sodium amytal did not 
produce this effect. 

3. Measurement of the volume of blood trapped 
in the limbs (dye method) and the increase in vol¬ 
ume of the calf (plethysmograph) indicated that 
the hypotension and collapse were not due to pool¬ 
ing of excessive amounts of blood in the con¬ 
gested limbs. 

4. The hypotension and collapse were due to 
failure of compensatory vasoconstriction in other 
areas than in the congested extremities following 
moderate blood loss. This was demonstrated by 
the observation that after the administration of 
sodium nitrite, the mixed dihydrogenated alkaloids 
of ergot or hexamethonium hypotension fre¬ 
quently with collapse occurred during venesections 
of only 250 to 525 cc. of blood. 

5. After these drugs loss of as little as 2 to 4 per 
cent of the total blood volume frequently resulted 
in perceptible decrements of arterial pressure. 
Such observations illustrate the extreme sensitivity 
of the homeostatic vasoconstrictor mechanisms in 
the normal (untreated) individual. 

6. Patients who had previously undergone lum- 
bodorsal or transthoracic sympathectomy were 
more resistant to hypotension during the post¬ 
drug congestion period than were non-sympathec- 
tomized subjects. This resistance probably was 
related to the well known return of independent 
vascular tone in sympathectomized areas. 
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INTRODUCTION 

In the early reports on the administration of 
adrenocorticotropic hormone and cortisone to pa¬ 
tients with various disease states, there were de¬ 
scribed a number of effects, the reproduction of 
which might conceivably alter the course of infec¬ 
tions in man. Among these effects were deferves¬ 
cence, decrease in edema and inflammation, change 
in antibody production-, and alteration in the state 
of hypersensitivity to bacterial products. Clinical 
evidence of such effects was provided by Finland, 
Kass and Ingbar (1) who showed that adreno¬ 
corticotropic hormone may effect striking altera¬ 
tions in the course of pneumococcal and primary 
atypical pneumonia. Moreover, equally striking 
changes were observed by Freeman and his co¬ 
workers in two patients with pulmonary tubercu¬ 
losis (2). The modification of response to infec¬ 
tion, by an agent which presumably acts solely upon 
the host, thus presents an opportunity for further 
evaluation of the participation of host mechanisms 
in tuberculous disease. 

There are relatively few forms of tuberculosis in 
humans appropriate for such a study. A serious 
form of progressive disease, with a reasonably pre¬ 
dictable course, is necessary. It is desirable to 
avoid reliance upon chest roentgenograms as the 
sole means of evaluating changes in a tuberculous 
lesion. In this situation, the extent of viable tissue 
within a lesion must be determined by a procedure 
which is highly subjective before proper evaluation 

^ Presented in part before The American Society for 
Clinical Investigation, Atlantic City, N. J., May 1, 1950. 
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of subsequent changes within the lesion can be ac¬ 
complished. Although the accuracy of the method 
is increased by having the roentgenograms inter¬ 
preted independently by several competent ob¬ 
servers, the interpretations frequently do not reflect 
the course of the disease as judged by other cri¬ 
teria (3). Such is not the case, however, when a 
lesion is available in which changes occurring after 
the introduction of a variable can be easily ob¬ 
served by more direct visualization. For these 
reasons, a special effort was made to include pa¬ 
tients with active laryngeal tuberculosis in this 
study. 

COMPOSITION OF CLINICAL SERIES AND METHODS OF 
STUDY 

Seven patients with far advanced pulmonary tuberculosis 
were selected for study. Four of the seven had active 
laryngeal tuberculosis with lesions of the larynx which 
could be readily visualized by indirect laryngoscopy. A 
fifth patient had tuberculous empyema on the right side 
and was considered to be in a terminal phase of her ill¬ 
ness. The strains of M. tuberculosis isolated in cultures 
of specimens of sputum from four of the seven patients 
were highly resistant to dihydrostreptomycin in vitro. 

The course of tuberculous illness in each patient was 
evaluated prior to hormone administration from the avail¬ 
able clinical, roentgenographic, bacteriologic and im¬ 
munologic data. Whenever possible, a preliminary ob¬ 
servation period of seven to ten days was undertaken. 
Each patient then received 100 mgm. of hormone intra¬ 
muscularly in four equally divided doses at six hour in¬ 
tervals for an initial ten day period. Four of the pa¬ 
tients received adrenocorticotropic hormone^ and three 
received cortisone.^ 

Throughout the study all patients were maintained at 
rest in bed. They received diets of their own selection and 
an estimate was made of actual caloric and protein intake. 
The pulse rate and rectal temperature were recorded at 
two hour intervals. In addition to customary bedside 

^ The adrenocorticotropic hormone used in this investi¬ 
gation was obtained through the courtesy of Dr. John 
Mote, Armour and Co., Chicago, Ill. The cortisone was 
obtained through the courtesy of Dr. James M. Carlisle, 
Merck and Co., Rah\yay, N. J. 
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Fig. 1. Patient P. M., Age 49 Yrs. 

In the upper portion oi the chart are shown the daily range of temperature 
and the results of tests for cutaneous hypersensitivity to tuberculoprotein. 
Note the rapid defervescence following the start of ACTH administration, 
and the abrupt return of fever with wide fluctuations after stopping ACTH. 
The return of cutaneous hypersensitivity to tuberculoprotein coincides with 
the fall in fever while under treatment with dihydrostreptomycin. In the 
lower portion of the chart are shown the alterations in the values obtained 
for concentrations of serum gamma globulin and in the titer of hemaggluti- 
nating antibodies. 


observations, indirect laryngoscopy was performed on 
each patient with laryngitis. Drawings were made of the 
laryngeal lesions as seen in the laryngeal mirror, at inter¬ 
vals determined by change in the appearance of the lesions. 
Serial chest roentgenograms, using a standardized tech¬ 
nique, were obtained at 72 hour intervals. 

Twenty-four hour aliquots of continuous sputum col¬ 
lections were measured for volume and the character of 
the specimen noted. The aliquots were then digested, 
centrifuged and direct smears were made of the concen¬ 
trate. Duplicate smears were stained with carbol fuch- 
sin by the Ziehl-Nielsen technique and with Sudan black 
B (4). Petragnani and oleic acid-albumin media were 
used for cultivation of the il/. tuberculosis from the con¬ 
centrated specimens of sputum. The colonial morphology 
of the bacilli growing on oleic acid-albumin medium was 
examined for the characteristics known to be associated 
with various degrees of virulence (5). Organisms ob¬ 
tained from each patient at weekly intervals were grown 
in Tween’-albumin medium and were tested for sen¬ 
sitivity to dihydrostreptomycin. 

Observations on the cutaneous hypersensitivity to tu- 

’ “Tween SO" is the trade name of the polyoxyethylene 
derivative of sorbitan monooleale, obtained from the At¬ 
las Powder Company, Wilmington, Del. 


berculin were made using an amount of tuberculoprotein, 
standardized individually for each patient, sufficient to ob¬ 
tain an unequivocally positive reaction. An initial reac¬ 
tion of more than 10 mm. in diameter showing erythema 
and definite edema was obtained in five patients using 
0.00002 mgm. of Tuberculin, Purified Protein Derivative ® 
(First Test Strength). In one patient (P. M.), O.OOS 
mgm. of Tuberculin, Purified Protein Derivative (Sec¬ 
ond Test Strength) was required to produce a reaction of 
this magnitude. The reactions were examined and the 
outlines traced on cellophane at 48 and 96 hours after in- 
tracutaneous injection of the forearm. 

Specimens of serum were obtained at frequent intervals 
from each patient for estimation of tuberculin hemaggluti- 
nating antibody titer as described by Middlebrook and 
Dubos (6) and the concentration of serum gamma globu¬ 
lin by the method of Kunkel (7). Bone marrow examina¬ 
tions with particular reference to the plasma cell count 

were done as described by Good and Campbell (8). Other 

laboratory examinations were made in each patient and 
gave results comparable to those reported in other studies 
with these compounds. 

a The Tuberculin, Purified Protein Derivative used in 
this investigation was obtained from Parke, Davis and 
Co,, Detroit, Mich. 
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RESULTS 

Course of illiicss: In five patients the onset of 
hormone administration marked the inception of 
a series of profound changes, the first of which 
were evident as early as six to eight hours after the 
initial dose. In all patients, a strikingly rapid 
disappearance of the signs and symptoms of acute 
illness occurred and persisted throughout the pe¬ 
riod of hormone administration. Following the 
cessation of hormone administration, however, a 
quick return to the previous state of illness was ob- 
ser%'ed. 

In three of the four febrile patients deferves¬ 
cence was complete within six hours of the start 
of hormone administration (Figures 1-3). This 
process required 72 hours for completion in one 
patient (Figure 4). All patients remained es¬ 
sentially afebrile until the cessation of hormone 
administration. Defervescence was accompanied 
by a feeling of increased strength and desire for 


physical activity. Appetite increased markedly 
with concurrent rise in the caloric and protein 
intake. 

In the four patients with laryngitis improvement 
in phonation and disappearance of dysphagia were 
evident by the end of the initial 48 hour period of 
hormone administration. Thereafter, a progres¬ 
sive increase in the volume of the voice and im¬ 
provement in its quality ensued. Discomfort from 
dyspnea and cough was markedly relieved al¬ 
though the volume of the sputum was not signifi¬ 
cantly decreased. All of the patients experienced 
some degree of a sense of well-being which in some 
amounted to euphoria. 

The cessation of hormone administration was 
followed by abrupt return of the signs and symp¬ 
toms of acute illness. The manifestations of acute 
illness immediately following the end of hormone 
administration were at least equal in severity to 
those present before hormone administration and 
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Fig. 2. Patient E. C, Age 21 Yes. 

Note the rapid defervescence and abrupt return of fever at the onset and 
end, respectively, of the initial course of ACTH administration. Following 
reinstitution of ACTH administration prompt defervescence occurred. Es¬ 
cape from the controlling effects of ACTH occurred later with return of 
fever and cutaneous hypersensitivity to tuberculoprotein despite the addition 
of cortisone. In the lower panel are shown the rises in serum gamma globu¬ 
lin values and in titer of tuberculin hemagglutinating antibodies following the 
initial "course of administration of ACTH. Note the progressive decline of 
both serum gamma globulin values and hemagglutinin titer during prolonged 
ACTH administration. 
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in four patients (P. M., E. C., S, H., and T. B.), 
were more severe. Fever occurred within 18 
hours after, the last dose of adrenocorticotropic 
hormone. Following the cessation of cortisone 
administration, however, fever occurred on the sec¬ 
ond and sixth day (Figures 4 and S) or was not 
a prominent feature in the post-hormone course 
(Figure 6). 

The fever following the end of hormone adminis¬ 
tration was self-limited in two patients who were 
essentially afebrile prior to hormone administra¬ 
tion (Figures 5 and 7). In one patient (Figure 1) 
despite the institution of dihydrostreptomycin 
therapy soon after stopping adrenocorticotropic 
hormone, fever continued for four weeks. It may 
be noted here that in this patient, subsidence of 
fever coincided with the return of cutaneous hy¬ 
persensitivity to tuberculoprotein. Significant 
defervescence was not observed during dihydro¬ 
streptomycin administration in another patient 
(Figure 4). Subsequently, the strain of M. tuber¬ 
culosis isolated from cultures of the sputum of 


this patient was found to be resistant in vitro to 
dihydrostreptomycin. 

Laryngeal lesions: Observations of the changes 
in the laryngeal lesion was made by daily indirect 
laryngoscopic examination in the four patients 
with tuberculous laryngitis. In all patients a simi¬ 
lar sequence of changes was observed. The 
changes noted in the laryngeal lesion of one pa¬ 
tient (P. M.) are depicted in Figure 8 and may be 
considered as characteristic of the changes ob¬ 
served in all patients studied. 

In this patient, initial examination of the left side 
of the larynx demonstrated ulceration with partial 
replacement by granulation tissue of the lateral 
portion of the arytenoid tubercle, aryepiglottic 
fold and true vocal cord, in addition to absence of 
one-half of the epiglottis. The entire right half of 
the larynx was edematous with marked inflamma-' 
tion and both true vocal cords were irregular. 

Forty-eight hours after the beginning of hor¬ 
mone administration, edema and inflammation had 
subsided almost completely. In the ulcerated le- 



Fig. 3. Patient S. H., Age 36 Yrs. 

Rapid defervescence following the onset of the initial course of ACTH ad¬ 
ministration and abrupt return of fever at the end of this period of adminis¬ 
tration are shown. Upon reinstitution of ACTH administration, defervescence 
again occurred rapidly. Death ensued during prolonged ACTH administra¬ 
tion without return of fever. In this patient no significant alterations oc¬ 
curred in serum gamma globulin values or in titer of hemagglutinating anti¬ 
bodies following the initial ten day course of ACTH or upon prolonged 
ACTH administration. 
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Fig. 4. Patient T. B., Age 40 Yes. 

Following the onset of cortisone administration, defervescence required 72 
hours for completion. Fever slowly recurred following cessation of cortisone 
administration and persisted despite dihydrostreptomycin therapy. Subse¬ 
quently the strain of M. tuberculosis isolated from culture of the sputum was 
found to be resistant to dihydrostreptomycin. Reversal of cutaneous hyper¬ 
sensitivity to tuberculoprotein was not observed in this patient. No signifi¬ 
cant alterations occurred in serum gamma globulin values or in titer of the 
tuberculin hemagglutinating antibodies. 


sions, a border of epithelium could be visualized 
progressing from the edges of the ulcerated area 
as the granulation tissue subsided. By the ninth 
day of hormone administration, the epidermization 
had covered approximately 85 per cent of the 
previously ulcerated area. 

Within 48 hours after completion of hormone ad¬ 
ministration, edema and inflammation had returned 
although no regression of epithelimn was observed. 
Subsequently, no significant alterations in the ap¬ 
pearance of the laryngeal lesion attributable to 
hormone effect were observed. 

Complete healing with scarring occurred fol¬ 
lowing the institution of dihydrostreptomycin 
therapy in two patients whose sputum contained 
strains of M. tuberculosis found to be sensitive to 
the drug in vitro. 

Lung lesions: Serial roentgenograms, inter¬ 
preted independently by several observers, re¬ 
vealed definite changes in the appearance of the 
lung lesions. These changes formed a consistent 
pattern in five of the seven patients. A representa¬ 


tive example of the changes is shown in Figure 9 
portraying enlarged segments of chest roentgeno¬ 
grams from one of the patients (P. M.). 

In general, during the administration of adreno¬ 
corticotropic hormone the appearance of lung le¬ 
sions became more translucent with better deline¬ 
ation of the individual lesions. Within 48 hours 
after cessation of hormone administration definite 
increase in the density of the lesions was apparent. 
No patient in this series has been observed without 
additional therapeutic measures for a sufficient 
time beyond this point to evaluate the roentgeno- 
graphic changes which might result solely from 
hormone administration. 

Dihydrostreptomycin therapy was instituted in 
this patient (P. M.) and continued for 111 days. 
The increase in density reached a maximum in the 
fourth week, the lesions thereafter became more 
translucent. It is of interest that in this patient 
the onset of defervescence and the return of cu¬ 
taneous hypersensitivity to tuberculoprotein also 
occurred during the fourth week after the end of 
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Fig. 5. Patient J. M., Age 51 Yrs. 

Fever occurred on the sixth day after cessation of cortisone administration 
and gradually subsided over a 48 hour period. Reversal of cutaneous hy¬ 
persensitivity to tuberculoprotein is illustrated in the upper panel. No sig¬ 
nificant alterations in serum gamma globulin values or in titer of tuberculin 
hemagglutinating antibodies occurred in this patient. 


hormone administration. Progressive decrease in 
the size and density of the roentgenographic ap¬ 
pearance of the lung lesions ensued, marked clear¬ 
ing being noted seven months after hormone ad¬ 
ministration (Figure 9). 

Resorption of a small purulent intrapleural exu¬ 
date was observed in one patient during the ad¬ 
ministration of adrenocorticotropic hormone. As 
this patient (S. H.) was in the terminal phase of 
her illness, prolonged observation after hormone 
administration was impossible. No well-defined 
changes in the roentgenographic appearance of the 
lung lesions occurred in two patients, one receiv¬ 
ing adrenocorticotropic hormone (A. R.) and the 
other cortisone (J. M.). 

Roentgenographic evidence of dissemination of 
the tuberculous process was not obtained in any 
patient. 

Skin hypersensitivity to tuberculoprotein: Re¬ 
peated observations on the skin hypersensitivity to 
tuberculoprotein were made. In each of the six 
patients tested an amount of tuberculin (Purified 
Protein Derivative) was used sufficient to elicit 
an unequivocally positive reaction prior to the ad¬ 


ministration of hormone. Reversal of cutaneous 
hypersensitivity to this individually standardized 
amount of tuberculoprotein was observed during 
hormone administration in three of the six patients 
tested. This reversal of a previously positive re¬ 
sponse was maintained for three to four weeks 
after the cessation of hormone administration in 
the two patients followed from this standpoint. In 
three patients (Figures 4, 6 and 7) negative reac¬ 
tions were not obtained. 

It is of considerable interest that despite the 
continued absence of cutaneous hypersensitivity to 
the test dose of tuberculoprotein the acute mani¬ 
festations of tuberculous illness reappeared fol¬ 
lowing cessation of hormone administration in the 
three patients in whom reversal of the tuberculin 
skin test was obtained. 

Serwn gamma, glohulhi and tuberculin hewag- 
glutinating antibodies: The substantially elevated 
serum gamma globulin values initially present in 
one patient (Figure 7) decreased toward the nor¬ 
mal range during and immediately following 
adrenocorticotropic hormone administration. Su 
sequently, the values rose, reaching the high level 
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present initially by the end of four weeks, and rose 
even further^thereafter. Aside from this instance, 
significant variations in the serum gamma globu¬ 
lin values did not occur during the ten day period 
of hormone administration. Likewise, the titers 
of the tuberculin hemagglutinating antibody were 
not significantly changed during this period. 

Within three weeks after completion of hor¬ 
mone administration, however, three patients had 
significant increases both in the concentration of 
serum gamma globulin and in the titer of the tu¬ 
berculin hemagglutinating antibodies (Figures 1, 
2 and 6). The rises were sustained in one pa¬ 
tient (P. }>l.) in whom the values reached a maxi¬ 
mum between the 14th and 16th weeks and de¬ 
clined thereafter. Although significant increases 
in both serum components were noted in another 
patient (R. R.) immediately following cessation 
of cortisone administration, the evolution of the 
changes has been observed for only a short pe¬ 
riod of time. In the third patient (E. C.) rein¬ 
stitution of adrenocorticotropic hormone at the 


pealc of the rise in serum gamma globulin and he¬ 
magglutinating antibody titer was followed by 
progressive decline toward the original values. 

Prolonged hormone administration: Two of the 
most critically ill patients (E. C. and S. H.) re¬ 
ceived additional adrenocorticotropic hormone to 
relieve the extreme prostration which accompanied 
the return of fever. The strains of M. tuberculosis 
recovered in cultures of the sputum of both were 
highly resistant to dihydrostreptoraycin in vitro. 
Upon reinstitution of 100 mgm. per day of adreno¬ 
corticotropic hormone, the onset of defervescence 
was again rapid and complete and the signs and 
symptoms of acute illness disappeared promptly. 

In one of these patients (E, C.) an unsuccessful 
attempt was made to decrease the severity of the 
post-hormone manifestations of illness by gradual 
reduction of the amount of hormone administered 
over a four day period. Subsequently, reinstitu¬ 
tion of adrenocorticotropic hormone was necessary 
to alleviate the manifestations of acute illness. 
During the fourth consecutive week of hormone 



Fig. 6. Patient R. R., Age 25 Yas. 

Slight decrease in the daily temperature range during cortisone adminis¬ 
tration is shown in the upper panel. No post-hormone fever attributable to 
the cessation of cortisone administration occurred in this patient. Reversal 
of cutaneous hypersensitivity to tuberculoprotein was not observed. Sig¬ 
nificant increases in both serum gamma globulin values and in titer of hemag¬ 
glutinating antibodies immediately following cessation of cortisone adminis¬ 
tration are shown. 
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Fig. 7. Patient A. R., Age 39 Yrs. 

Note the occurrence of fever immediately following cessation of ACTH 
administration in this patient who was essentially afebrile prior to hormone 
administration. Reversal of cutaneous hypersensitivity to tuberculoprotein 
was not observed. Decrease in serum gamma globulin values occurred during 
and immediately after cessation of ACTH administration, and subsequently 
rose to values higher than the initial level. 


administration, in the ninth week of study, hallu¬ 
cinations and delusions appeared abruptly. The 
following week fever recurred with gradual return 
of malaise, cough, and increasing prostration; cu¬ 
taneous hypersensitivity to the test dose of tuber¬ 
culoprotein also reappeared (Figure 2). The pa¬ 
tient’s condition rapidly became worse, despite 
continuation of adrenocorticotropic hormone and 
the addition of 100 mgm. per day of cortisone. 
Gradual reduction and cessation of adrenocortico¬ 
tropic hormone administration failed to produce 
evidence of improvement. Cortisone administra¬ 
tion was maintained for four days without ap¬ 
parent change in the patient’s clinical condition and 
was discontinued in the fifth consecutive week 
of hormone administration. Thirty-six hours fol¬ 
lowing cessation of cortisone administration, this 
patient expired. 

Reinstitution of adrenocorticotropic hormone in 
another patient (Figure 3) was followed by a suc¬ 
cession of events similar to those described above, 
although less pronounced. Marked symptomatic 
improvement and deferv'escence were gradually 


supplanted by euphoria and general weakness. 
Death occurred on the 21st consecutive day of 
hormone administration in the fifth week of study 
without recurrence of prostration or fever. 

Post-mortem examination revealed no evidence 
of recent dissemination of the tuberculous process 
or significant alteration in the histopathology of 
the tuberculous process in either patient. • The 
adrenal cortices of both patients were uniformly 
thickened and the glands were increased in weight. 
It is of interest that a small nodule of caseation 
necrosis was found at the surface of the right 
adrenal gland in one patient (S. H.). 

Subsequent course: Two of the patients (P. M. 
and J. M.) have shown steady, favorable progress 
following the institution of dihydrostreptomycin 
and para-amino-salicylic acid administration. 
Sputum concentrates and cultures no longer show 
the presence of M. tnbercuolsis. Marked clearing 
in the chest roentgenogram of P. M. has occurred 
as previously noted. The activity of his tubercu¬ 
lous process being considered arrested, J. M. has 
been discharged from the hospital. 
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One of the patients (A. R.) whose sputum con- since tlie changes noted immediately after cessa- 

taincd a strain of M. tuberculosis found to be re- tion of adrenocorticotropic hormone administra- 

sistant to dihydrostreptomycin in vitro, has been tion. 

observed for ten months while receiving pneumo- Tlie two remaining patients (T. B. and R. R.) 
peritoneum therapy and bod rest. Her clinical have not been observed for a sufficient period of 

status, though not conspicuously ciianged, has time following the administration of cortisone to 

shown slight improvement. No significant alter- permit final evaluation of the influence of the 
ation of her laryngeal lesion has been observed hormone on the course of the infection. No dele- 



a) Normal larynx as seen in a laryngeal mirror. b) P. M.—Larynx before ACTH. 



c) P. M. Larynx after nine days of ACTH. d) P. M.—Larynx two days after cessation‘of ACTH. 

Fig. 8. Patiext P. M. Chaxges ix tue Larvxge.al Lesioxs 
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(t)PM-Before ACTH 

(2)RM- 5 days of ACTH 

' - A'* 

. 

- 

(3) PM - 2 days after ACTH 

(4)PM-2weeks after ACTH 

1 week of Dihydrostreptomycin 

V' 






(5)PM.-I6 weeks after ACTH 

15 weeks of Dihydrostreptomycin 

(6)P.M,-24 weeks after ACTH 
Tweeks after Dihydrostreptomycin 


Fig 9 Patient P M. Changes in the Roentgeno- 
GKAPHic Appearance or the Lung Lesions 

(1) An enlarged segment of the initial chest roentgeno- 
giam. (2) Note slight decrease in density of the lung 
lesions (3), (4) Note marked increase in density in 
the appearance of the lung lesions. (5), (6) Marked 
clearing of lung lesions after dihydrostreptomycin. 

terious effect of cortisone administration, however, 
has been noted during the four month period of 
observation. 

Tubercle bacilli: Tubercle bacilli were dis¬ 
charged in the sputum of all patients without sig¬ 
nificant fluctuations in number throughout the pe¬ 
riod of observation. Retention by the tubercle 
bacilli of initial staining properties with carbol 
fuchsin and Sudan black B and of initial in vitro 
sensitivity to dihydrostreptomycin was observed. 
Colonies grown on oleic acid-albumin attained 
the morphologic characteristics attributed to viru¬ 
lent organisms by Middlebrook, Dubos, and Pierce 


(5) in all specimens examined. Therefore, no 
bacterioiogic evidence of alteration in the tubercle 
bacilli isolated from sputum or empyema was 
obtained. 

COMMENT 

From the observations reported above, it ap¬ 
pears that abrupt and profound changes in the 
course of tuberculous illness may be brought about 
by the introduction of hormones which presumably 
affect only the host. 

During the period of administration of these 
hormones, rapid amelioration and subsequent dis¬ 
appearance of the constitutional manifestations of 
acute illness were witnessed. Complete deferves¬ 
cence was accompanied by a seemingly improved 
state wherein increase in strength, appetite, and 
desire for activity occurred. It is of particular 
interest to note that the onset of the seemingly im¬ 
proved state was equally evident in two patients 
(J. M. and A. R.) who were essentially afebrile 
prior to hormone administration. Improvement 
in phonation and disappearance of dysphagia was 
striking as was the recession and subsequent quies¬ 
cent appearance of the laryngeal lesions. De¬ 
crease in density of the lung lesions seen on chest 
roentgenogram was noted in five patients. Re¬ 
versal of cutaneous hypersensitivity to an arbi¬ 
trarily selected amount of tuberculoprotein was ob¬ 
served in three of the six patients tested. 

The termination of the state of apparent im¬ 
provement following the withdrawal of hormone 
administration was equally evident. The signs and 
symptoms of acute illness which had been allevi¬ 
ated, reappeared abruptly, and were equal to or even 
more severe than those present before hormone ad¬ 
ministration. The return of edema and inflamma¬ 
tion in the laryngeal lesions also occurred promptly 
as did the increase in density of lung lesions seen 
on chest roentgenograms. The swift return of the 
manifestations of acute illness contrasted sharply 
with the relatively slow return of cutaneous hy¬ 
persensitivity to tuberculoprotein and rise in the 
titer of the tuberculin hemagglutinating antibodies 
observed several weeks after cessation of hormone 
administration. 

The abrupt disappearance of the manifestations 
of illness induced by adrenocorticotropic hormone 
and cortisone is of considerable interest in regard 
to the nature of the toxicity of tuberculosis. The 
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mechanisms by which this infection produces fever 
and other manifestations of illness are not com¬ 
pletely understood. It has been generally believed 
that the tissue damage and the clinical illness are, 
in large part, consequences of the interaction of 
previously sensitized tissue and the absorbed prod¬ 
ucts from tubercle bacilli (9o). In vitro studies 
have been demonstrated that cells of the hyper¬ 
sensitive body are damaged and killed by amounts 
of tuberculoprotein that are harmless to cells in the 
absence of hypersensitivity (95). Whether the liv¬ 
ing tubercle bacillus exerts a primary toxic effect 
upon host tissue is not definitely established (10). 
Diminution in the manifestations of illness might 
be expected if, by alteration in the reactivity of 
host tissue, some degree of desensitization to the 
products of infection was obtained. Conversely, 
upon reappearance of the effects of hypersensiti¬ 
zation their return would not be surprising. 

From the observations reported here, it seems 
clear that reactivity of host tissues sufficient to 
cause severe symptoms of tuberculous illness may 
be present without the presence of a positive Man- 
toux test. Moreover, distinct symptomatic im¬ 
provement was observed after the start of hor¬ 
mone therapy in those patients whose Mantoux 
test remained positive. The inability to utilize 
clinical quantitation and subsequent correlation of 
local and systemic tissue hypersensitivity to tu¬ 
berculoprotein makes speculation on this aspect 
inadvisable. 

The sudden suppression of the clinical evidence 
of toxicity observed to occur at the start of hor¬ 
mone administration may be compared to the simi¬ 
lar state observed in patients with tuberculosis 
under treatment with streptomycin. Loss of so- 
called "toxemic” symptoms may occur in both situ¬ 
ations and although improvement following the 
initiation of streptomycin therapy may be observed 
as early as the third day of therapy, it has not been 
observed to be as rapid in onset nor does its speed 
approach that of the changes occurring in the pa¬ 
tients reported above. Thus the same phenome¬ 
non, sudden suppression of the clinical evidences 
of toxicity, may be produced on the one hand, by 
actions exerted principally upon the parasite and 
on the other, by action exerted solely through the 
host. 

The course of the two patients who expired sug¬ 
gests that the changes effected by a fixed amount 


of adrenocorticotropic hormone are temporary and 
cannot be sustained, even with continued adminis¬ 
tration, Whether modification of the amount of 
hormone administered, alteration in the frequency 
of administration, or the combination with other 
agents will alter this situation is yet to be deter¬ 
mined. 

SUMMARY 

The effects of adrenocorticotropic hormone and 
cortisone on the course of tuberculous illness has 
been studied in seven patients with far advanced 
pulmonary tuberculosis. It was found that abrupt 
and profound changes in the course of the illness 
were brought about by administration of these 
hormones. These changes were in the nature of 
defervescence, improvements in the sense of well¬ 
being, increased strength, improvement in appetite, 
as well as decrease in the edema and in the amount 
of exudate in the local lesions of the larynx. In all 
patients the improved state was temporary and, 
as might be anticipated, could not be indefinitely 
maintained by further administration of the hor¬ 
mones. 

Observations were also made on the changes in 
cutaneous hypersensitivity to tuberculoprotein, 
in concentration of serum gamma globulin and in 
the titer of tuberculin hemagglutinating antibodies. 
Reversal of cutaneous hypersensitivity to an ar¬ 
bitrarily selected amount of tuberculoprotein dur¬ 
ing hormone administration was observed in three 
of the six patients tested. Within three weeks after 
completion of hormone administration significant 
increases both in concentration of serum gamma 
globulin and in the titer of tuberculin hemaggluti¬ 
nating antibodies were noted in three of the seven 
patients. 

Interpretation of these temporary alterations in 
the disease state in terms of ultimate effect in such 
a chronic infection must await further study. 
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The functional and anatomic changes of the 
kidney associated with increasing age have been 
demonstrated convincingly. The evaluation of re¬ 
nal function in aged persons has demonstrated a 
progressive decrease in the urea clearance (1), 
glomerular filtration rate, effective renal plasma 
flow, and renal tubular transfer maxima (2, 3). 
These decreases in function fit well with the ana¬ 
tomic studies which hold that the degree of renal 
arteriosclerosis present in the aging population is 
sufficient to account for the decrease in renal 
parenchyma on a basis of restricted blood supply 
(4-7). 

The anatomic studies also agree that the pre¬ 
dominant picture of arterial degeneration is that 
of intimal thickening (lumen attenuation and oc¬ 
clusion) in the larger arteries (interlobar and in¬ 
terlobular) with progressively less sclerosis in the 
vessels as the observations extend toward the 
glomerulus. Even in the age group beyond 80 
years, Bell notes that only about 20 per cent of the 
renal arterioles are involved in the sclerotic proc¬ 
ess, and this involvement is not severe (7). In 
his study of the relationship of age to renal atrophy 
in non-hypertensive individuals free from renal 
disease, Bell states, “Areas of atrophy are wedge- 
shaped and are caused by intimal atherosclerosis 
with occlusion of fairly large branches of the renal 
artery.” 

The present study is concerned with an evalu¬ 
ation of the functional status of the renal arteri¬ 
oles in an aging population free of hypertension 
and demonstrable renal disease. Since it is be¬ 
lieved that the increase in renal blood flow follow¬ 
ing the intravenous administration of a pyrogen is 
in large part mediated through a decrease in renal 
arteriolar tonus (8), we have employed a standard- 

1 Present address: Department of Medicine, Peter 
Bent Brigham Hospital, Boston, Mass. 


ized pyrogen test to assay the capacity of the renal 
arterioles to dilate. 

METHODS 

Subjects. The 54 male subjects studied were divided 
into three age groups: young (Y), age range 20-49, mean 
age 36.6 years, N=20; middle (M), age range 50-69, 
mean age 58.8, N = 20; and old (O), age range 70-84, 
mean age 76.9 years, N = 14. The broad 30-year age 
span of the yoimg group was so selected because the down¬ 
ward age trend in renal function is not significant until 
after the age of 50 (2). That this fiinding applied 
well to the present group is indicated by the similarity 
of the mean resting effective renal plasma flows for two 
subgroups: age 20-34, 609 cc./min./1.73 m.’; age 35-49, 
599 cc./mm./1.73 m.’ 

The subjects were patients on the acute and chronic 
wards and residents of the Infirmary (Home for the 
Aged) of the Baltimore City Hospitals. All patients 
studied were ambulatory. 

Except as noted, subjects were selected who met the 
following criteria: a) absence of history of physical evi¬ 
dence of renal disease, hypertension, or congestive heart 
failure, b) urinalyses (two or more) negative for pro¬ 
tein by the heat and acetic acid coagulation test and for 
significant microscopic abnormalities, c) blood hemo¬ 
globin greater than 12 grams per cent, d) absence of 
electrocardiographic evidence of arrhythmia or A-V con¬ 
duction defect, e) blood urea nitrogen within the limits 
for the different age groups as reported by Lewis and Al- 
ving (1), and f) basal diastolic blood pressure below 90 
mm. Hg. No limits were placed on the systolic blood 
pressure, which ranged from 100 to 181 mm. Hg. In the 
old group, three of the subjects, though normotensive at 
the time of testing, showed cardiac enlargement and pre¬ 
vious hypertensive blood pressure readings. Also in the 
old group an additional two subjects showed signs of con¬ 
gestive failure. However, the mean baseline renal func¬ 
tion values and the mean renal hemodynamic response for 
these individuals were the same as the mean for the other 
nine subjects in this group. 

Additional clinical examinations were made which were 
not used for exclusion of subjects. Heart size was esti¬ 
mated by x-ray; seven subjects were included who showed 
cardiac enlargement (cardiac transverse diameter 10-20 
per cent in six cases and 32 per cent in one case above 
normal for their height and weight). Electrocardio¬ 
graphic abnormalities suggestive of myocardial disease 
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were noted in 11 subjects, eight ol whom were in the old 
group. Palpable thickening and diminished pulsation of 
the brachial, radial, dorsal pedal, and posterior tibial ar¬ 
teries were noted. Retinal arteriosclerosis was graded by 
an ophthalmologist. 

Test procedure. Subjects were studied in the post- 
absorptive state beginning at 8 a.m. Aminopyrine (0.6 
gram) was given by mouth at four-hour intervals from 
4 p.m. on the day preceding the test until 8 p.m. on the 
day of the test. Using the renal clearance technique of 
Goldring and Chasis (9) eleven 20-minute urine collection 
periods were carried out starting immediately after the 
intravenous administration of 50,000,000 killed typhoid 
organisms (0.05 cc. TAB vaccine). Blood samples were 
obtained through an indwelling femoral artery needle. 

The sphygmomanometric blood pressure and the pulse 
rate by one-minute radial artery counts were determined 
at the fifth and I5th minute of each period. The average 
of the two determinations was recorded as the value for 
the period. Oral temperature was determined hourly dur¬ 
ing and for six to eight hours after the test. 

Chemical methods. Inulin was determined in blood and 
urine by the method of Harrison (10). PAH was deter¬ 
mined in blood and urine by the method of Bratton and 
Marshall (11) as modified by Smith and associates (12). 
Blood urea nitrogen was analyzed by the method of Van 
Slyke (13). Total serum proteins were determined by 
the micro-Kjeldahl method (14) on 12 of 20 Y group sub¬ 
jects, 15 of 20 M group subjects, and 11 of 14 O group 
subjects. Hematocrits were determined by the Wintrobe 
method on the control blood samples drawn from each 
subject. 

Analysis of data. Clearances of inulin and PAH were 
corrected to 1.73 m.’ of body surface. Renal afferent and 
efferent hydraulic resistances were calculated according 
to the formulae of Lamport (15) and were expressed as 
10’ mm. Hg (min./cc.) (body surface m.Vl-73 m.’). 

Mean blood pressure was taken as equal to the diastolic 
pressure plus one-half the pulse pressure. The mean 
serum protein values for the appropriate age group were 
used for the calculation of resistances in a few subjects 
where individual serum protein values were not avail¬ 
able and an albumin globulin ratio of 2.2 was assumed for 
all subjects. 

For each hemodynamic measure mean curves of the 
pyrogen reaction were constructed for each of the three 
age groups. In addition, to evaluate the significance of 
differences between age groups, individual response in¬ 
dices were computed as the difference between the base¬ 
line (average of the first two periods) and the peak re¬ 
sponse (average of the two consecutive periods which 
gave a maximum or minimum for the particular measure¬ 
ment). For the analysis of blood pressure responses, the 
average of periods X and XI was used instead of the in¬ 
dividual maximum responses, because of qualitative dif¬ 
ferences in the blood pressure responses of the three age 
groups. The mean differences between age groups in 
the baseline values and response indices were evaluated 
for significance by the t test. Only t scores at the 1 per 
cent level of probability are reported as significant 


The rate of increase in Cvau was estimated as the slope 
of a straight line drawn by inspection through tlie points 
which included the period of rising Cpah. The value for 
the individual was based on the average of slopes de¬ 
termined independently by two of the authors. The cor¬ 
relation between the two determinations was + 0.98. 

RESULTS 

Glomerular 'filtration rate (Cin). The mean 
baseline values for the Qn in the Y, M, and O 
groups were 110.4, 88.9, and 62.4 cc./min., re¬ 
spectively (Table I). The course of the mean Qn 
was similar through the reaction in all three age 
groups in that there was neither a significant in¬ 
crease nor decrease present (Figure 1). Subjects 
occasionally showed a rise or fall in Qn which 
bore no relationship to the degree of their increase 
in CpAH- 

Effective renal plasma flow (Cpah). The mean 
baseline values for the Y, M, and O groups were 
603, 449, and 277 cc./min., respectively (Table I). 
Baseline Cpah was unrelated to the presence or 
absence of any of the observed clinical character¬ 
istics. Thus, the mean baseline Cpah for sub¬ 
jects with retinal arteriosclerosis was not signifi¬ 
cantly different from the mean for those in the same 
age group with no retinal arteriosclerosis. The 
same was true for subjects with and without 
peripheral arteriosclerosis, elevation of systolic 
blood pressure, electrocardiographic abnormalities, 
or any combination of the observed clinical char¬ 
acteristics. 

The group response curves are shown in Fig¬ 
ure 1 for the three age groups. In this figure the 
simultaneity of time of onset, and the rate of Cpah 
increase are shown. The mean absolute increases 
in the clearance of PAH for the Y, M, and O 
groups were 416, 368, and 240 cc./min., respec¬ 
tively. Expressed as per cent of baseline value, 
the rise in Cpah for the Y, M, and O groups was 
71, 86, and 91 per cent, respectively (Table I). 

In a further attempt to characterize the increase 
in CpAH of the different age groups, a slope for 
the rate of reaction of each individual was obtained 
as an expression of rate of response per unit of 
time. The values obtained for the Y, M, and O 
groups were 5.9, 4.7, and 3.4 cc./min., respectively 
(Table I). Expressed as per cent of the baseline 
value, the rise in Cpah was 1.02, 1.10, and 1.35 per 
cent for the Y, M, and O groups, respectively. 
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TABLE r 


Age differences in the average hemodynamic responses to pyrogen 




Age groups 


Significance of differences* 

Measurement 

Y 

20-49 yrs. j 

M 

50-69 yrs. 

O 

70-85 yrs. 

V-M 

M-O 

Y-0 

CpAU (CC./1.73 nt.’/min.) 

1 1 
1 ! 






Baseline 

! 603 

449 

277 

s 

s 

s 

Ma-dmum 

1019 1 

817 

517 

s 

s 

s 

A 

416 

368 

240 

s 

s 

s 

Per cent increase 

71 

86 

91 

NS 

NS 

NS 

CpAU rise/min. 

S.9 i 

4.7 

3.4 

NS 

PS 

s 

Ci.v (CC./I.75 m.Vmin.) 







Baseline 

110.4 

88.9 

62.4 

S 

s 

s 

FF (Ci.v/Cpah) 







Baseline 

.189 i 

.206 

.232 

NS 

NS 

s 

Minimum 

.115 

.123 

.122 

NS 

NS 

NS 

A 

.074 

.083 

.110 

NS 

NS 

s 

Pulse rate (beats/min.) 







Baseline 

67 

65 

60 

NS 

PS 1 

s 

Ma.dmum 

85 1 

80 

76 

NS 

NS 

PS 

A 

18 

IS 

16 

NS 

NS 

NS 

Systolic blood pressure (mm. Hg) 







Baseline 

116 

124 1 

136 

PS 1 

NS 

s 

Periods X and XI 

114 

no 

121 

NS 1 

NS 1 

NS 

^ 1 

2 i 

14 

IS 

S 

I NS 

S 

Diastolic blood pressure (mm. Hg) ‘ 





1 


Baseline 1 

77 i 

77 

75 

NS 

NS 

NS 

Periods X and XI 

67 

63 

64 

NS 

NS 

NS 

A ! 

10 

14 

11 

NS 

1 NS 

NS 

Pulse pressure (ram. Hg) 







Baseline 

39 1 

47 

61 

PS 

S 

S 

Periods X and XI 1 

47 

47 

57 

NS 

PS 

NS 

■ A 

-8 

0 

4 

1 S 

NS 

S 

R« (10’ mm. Hg) (min./cc.) (body surface 
m.Vl.73 m.’) 




1 



Baseline 

6.7 i 

15.5 

31.5 

S 

S 

s 

Minimum 

3.6 

5.7 

I 13.6 

s 

s 

s 

A 

3.1 

9.8 

1 17.9 

s 

s 

S 

(10’ mm. Hg) (min./cc.) (body surface 
m.Vl.73 m.’) 



1 




Baseline 

4.5 

8.2 

13.7. 

s 

s 

S 

Minimum 

2.0 

1 3.4 

5.2 

s 

S 

s 

A 

•---—— ---1 

2.5 

4.8 

8.5 

s 

s 

s 


*S — Significant PS = Probably Significant NS = Not Significant 
(P < .01) (P = .05 to .01) (P > .05) 


The differences id per cent increments for the three 
age groups were not statistically significant. 

Thirteen subjects exhibited temperature rises 
of 1® to 3° F., and two subjects developed shaking 
chills of 20 minutes duration. In none of these 
subjects was there a significant departure of the 
hemodynamic response from that of the rest of 
the group. 

Filtration fraction (FF). The mean baseline 
FF values for the Y, M, and O age groups were 
0.189, 0.206, and 0.232, respectively (Table I). 
The absolute fall in FF was greater in the O group 
(0.110) than in the M (0.083) and Y groups 
(0.074). At the height of the reaction the differ¬ 
ences observed in the baseline values between age 
groups had disappeared (Figure 1 and Table I), 


Pulse rate. The mean baseline pulse rates in 
the Y, M, and O groups were 67, 65, and 60, re¬ 
spectively (Table I). The time of onset and the 
absolute magnitude of pulse rate acceleration were 
the same for the three age groups (Figure 2 and 
Table I). 

Blood pressures. The mean baseline systolic 
values for the Y, M, and O groups were 116, 124, 
and 136 mm. Hg, respectively (Table I). The 
M and O groups showed a fall in pressure while 
the Y group remained constant throughout the re¬ 
action (Figure 2). In periods X and XI the 
residual differences between the age groups are 
not significant. ' 

The mean baseline diastolic pressures were ap¬ 
proximately the same (75-77 mm. Hg) for the 
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Fig. 1. Changes in Cin, Cpab, and FF during Pyrogen 
Reaction 

Fifty million killed typhoid organisms were injected 
intravenously at 0 time. 


O-O Mean value for 14 subjects in O group 

(70-8S yrs.) 

A-A Mean value for 20 subj ects in M group 

(50-69 yrs.) 

•-• Mean value for 20 subjects in Y group 

(20-49 yrs.) 


different age groups. This is in part due to the 
setting of an upper limit of diastolic pressure by 
the criteria of subject selection. The average fall 
in diastolic pressure (Figure 2) was the same for 
all age groups. 

A rise in pulse pressure occurred in the Y group 
(Figure 2 and Table I) as a result of an unchanged 
systolic pressure and a drop in diastolic pressure. 
The M group showed a commensurate fall in sys¬ 
tolic and diastolic pressures with a resultant stable 
pulse pressure. The O group manifested a fall 
in pulse pressure due to a greater fall in systolic 
than in diastolic pressure. There was no demon¬ 
strable relationship between the magnitude of 
pulse rate or pulse pressure change, or their prod¬ 
uct, and the magnitude of the Cpah response for 
the individuals in any age group. 

Senoft protein and hematocrit. Significant dif¬ 
ferences in serum protein values were observed 
among the three age groups. For serum protein 
the average values were 7.00,6.50, and 6.10 g./lOO 
cc. for the Y, M, and O groups, respectively. 
The average hematocrit values for the M and O 


groups were significantly lower than that for the 
Y group (Y = 0.44; M = 0.39; 0 = 0.39). 

Renal afferent resistance (Ra). The mean 
baseline values for Ra were 6.7, 15.5, and 31.5 10^ 
mm. Hg (min./cc.) (body surface m.Vl.73 m.=), 
in the Y, M, and O groups, respectively (Table I). 
The fall in Ra occurred in all three groups (Figure 
3) and was for the O group 17.9, for the M group 
9.8, and for the Y group 3.1 10® mm. Hg (min./cc.) 
(body surface m.yi.73 m.®). Because of the 
mathematical relationships of the formula used to 
calculate Rai the fall in these values was deter¬ 
mined largely by the changes in mean pressure. 

Renal efferent resistance (Ro). The mean 
baseline Re values were higher in the O group than 
in the M and Y groups; the values were 13.7, 8.2, 
and 4.5 10® mm. Hg (min./cc.) (body surface m.®/ 
1.73 m.®) respectively (Table I), At the height of 
the pyrogen reaction, the divergence in values was 



Fig. 2. Changes in Pulse Rate, Systolic, Diastolic, 
and Pulse Pressure during Pyrogen Reaction 
Fifty million killed typhoid organisms were injected 
intravenously at 0 time. 

Q-O Mean value for 14 subjects in O group 

(70-35 yrs.) . 

^_Mean value for 20 subj ects m M group 

(SO-69 yrs.) 

•-• Mean value for 20 subjects m Y group 

(20-49 yrs.) 
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"■ MINUTES 

Fig. 3, Changes in Afferent and Efferent Renal 
Hydraulic Resistances during the Pyrogen Re¬ 
action 

Fifty million killed typhoid organisms were injected 
intravenously at 0 time. 

O--O Mean value for 14 subjects in 0 group 

(70-85 yrs.) 

^-Mean value for 20 subjects in M group 

(50-69 yrs.) 

•“ ' ■ ■ • Mean value for 20 subjects in Y group 

(20-49 yrs.) 

less (Figure 3) ; although, the Re value for the O 
group remained significantly higher than that of 
the Y and M groups. 

DISCUSSION 

The decrease in the baseline Cin and Cpah in 
the older age groups confirms results previously 
reported from this laboratory (2) and are con¬ 
sistent -with the qualitative (4, 6, 7), semi-quanti¬ 
tative (5), and quantitative (16) anatomic de¬ 
scriptions of the senile kidney. The progressively 
smaller absolute changes in renal plasma flow 
(Cpah) in the older subjects following pyrogen 
are also consistent with a progressive decrease in 
the renal parenchyma of the aged. On the other 
hand, the time of onset of the response, and the 
percentage increase in renal plasma flow were simi¬ 
lar in the different age groups. Consequently, it 
must be concluded that the responsiveness to pyro¬ 
gen of the vascular elements remaining in the aged 
kidney is not qualitatively different from that of 
the young kidney. 


Since direct evidence of structural changes in 
the renal vessels could not be obtained, indirect 
evidence was sought in clinical estimates of the 
degree of retinal, peripheral, and central arterio¬ 
sclerosis present in the subjects tested. It is of 
interest that no correlation was found between 
the estimates of the degree of arteriosclerosis in 
these regions and the decrement in renal function 
within a given age group. 

The results of this study also confirm the previ¬ 
ously reported increase in FF with age (2). Since 
there is no reduction in the tubular extraction of 
PAH in the aged kidney (17), a reasonable ex¬ 
planation of the increased FF found in the O group 
is an increase in the efferent arteriolar resistance. 
The decrease in Cm and Cpah with age may be 
explained on the basis of a decrease in the number 
of functioning nephrons, but the observed in¬ 
crease in FF cannot be accounted for simply on 
this basis. Some change in the renal vessels be¬ 
yond the point of glomerular filtration equilibrium 
must be postulated to account for this phenome¬ 
non. Such alteration might be present in the ef¬ 
ferent arterioles either as structural changes, such 
as sclerosis, or increased vasoconstriction, or both. 
The fact that the FF approaches the same level in 
all age groups following pyrogen administration 
indicates that the differences are not entirely struc¬ 
tural in nature and that the pyrogen has eliminated 
the inequalities of a physiologic mechanism which 
maintained the resting efferent arteriolar tonus 
at a higher level in the O than the Y group. 

The calculations of renal resistances indicate an 
increase in both Ra and Re in the resting state with 
age. During the response to pyrogen, both values 
diminish in subjects of all ages, so that at the height 
of the response the age differences are reduced but 
not entirely eliminated. The fall in Ra is striking 
in the old group as compared to that in the young. 
The absolute and per cent decrement observed in 
Re indicates a greater degree of reversible resist¬ 
ance of the efferent renal arterioles in the old than 
in the young subjects. From the relationships be¬ 
tween pressure and flow the presence of an initially 
increased Rg and the ability of the efferent ar¬ 
terioles of the aged kidney to dilate may be inferred. 

SUMMARY 

1. The renal hemodynamic response to a stand¬ 
ard dosage of pyrogen was measured in 54 sub- 
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jects divided into three age groups: 20-49 years, 
50-69 years, and 70-85 years, 

2. The baseline Qn declined progressively with 
advancing age. No significant change in Qn oc¬ 
curred during the course of the pyrogen reaction 
in any age group. 

3. The mean baseline Cpah declined progres¬ 
sively with advancing age. During the pyrogen re¬ 
action, the proportionate increase in Cpah for all 
age groups was approximately the same. 

4. Although the baseline FF for the O group 
was significantly higher than the Y group, the 
minimum FF reached in all three groups was es¬ 
sentially the same. 

5. The systolic blood pressure was lowest in 
the Y group, and did not change throughout the 
reaction. The systolic pressure fell significantly 
in the M and O groups during the reaction, 

6. The diastolic blood pressure started at the 
same level and fell to the same degree during the 
reaction in all groups, 

7. The baseline Ra was higher, and the fall in 
Ra during the reaction was greater in the older 
age groups than in the young group. 

8. The efferent resistance (Re) was significantly 
higher in each older group than in the Y group 
and in general paralleled the changes in FF fol¬ 
lowing the administration of pyrogen. However, 
the minimum Rg attained by the O group remained 
significantly higher than the minimum Re attained 
by the Y group. 

CONCLUSION 

It has been demonstrated that the administra¬ 
tion of pyrogen is followed by a uniform percent¬ 
age increase in renal blood flow in all age groups. 
Since filtration fraction fell to similar values in 
all age groups it is inferred that the renal arterioles 
are capable of dilating in the aged kidney. It is 
therefore concluded that the reduced renal blood 
flow observed in the aged is in part reversible and 
therefore not the result of structural changes in 
the renal vessels alone. 
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Choline has been recommended for the treatment 
of hepatic diseases, especially those of nutritional 
origin, and for the prevention of arteriosclerosis. 
Little is known of its fate after oral or intravenous 
administration. A recent Spanish report (1) that 
patients with liver diseases and dogs with experi¬ 
mental hepatic damage excrete in the urine con¬ 
siderably more than normal of a substance pre¬ 
cipitated by Reinecke salt (and considered as cho¬ 
line by the authors) after large doses of choline 
given orally, suggested that the utilization of cho¬ 
line might be altered in hepatobiliary disease. In 
addition, studies with radiophosphorous (2) in¬ 
dicate a reduced rate of phospholipid formation in 
the presence of hepatocellular damage and an in¬ 
creased rate in biliary obstruction, suggesting that 
less choline might appear in the urine than normal 
in obstructive jaundice and more than normal in 
liver cell damage. 

To test these hypotheses and to investigate the 
fate of choline after its oral administration 1 ) the 
identity of the reineckate precipitated from the 
urine was determined, and 2) the influence upon 
its excretion of physiologic conditions as well as 
hepatobiliary diseases was studied. 

MATERIAL 

Four normal subjects and 22 patients with various 
hepatobiliary diseases were given on separate occasions 
single doses of choline bicarbonate® equivalent to 2-8 
grams of choline base (230-920 mg. choline N). Their 
diets were not controlled. Urine samples, collected at 
various intervals, were preserved with 25 ml. of con¬ 
centrated hydrochloric acid (diluted with equal parts of 
water) per liter of urine. 

® Supported by a grant from the Dr. Jerome D. Solomon 
Memorial Research Foundation. 

- Solomon Foundation Fellow. 

® We wish to thank Commercial Solvents Corporation 
for the generous supply of choline bicarbonate syrup. 


EXPERIMENTAL 

Chemical identification of the reineckate obtained 
from urines after choline administration and 
procedures applied for quantitative de¬ 
termination of the metabolites in the 
urine 

Reagents used: 

1) Three per cent solution of Reinecke salt, freshly 
prepared and filtered. 

2) Aqueous saturated solution of sodium hydroxide. 

3) Aqueous saturated solution of potassium carbonate. 

4) Folin and Ciocalteu reagent (3), diluted with three 
volumes of water before use. 

5) Ten per cent aqueous solution of anhydrous sodium 
carbonate. 

6) Choline reineckate: to 40 ml. of 1 per cent choline 
chloride 20 ml. of the Reinecke salt solution are added. 
After centrifugation the precipitate is washed three 
times with 20 ml. portions of water. The crystals 
are then dried at 37° C. and stored. Immediately be¬ 
fore use a saturated solution is freshly prepared by 
adding some of the choline reineckate to 0.1 normal 
sodium hydroxide, shaking and filtering. 

7) Acetone, Norit A, Devarda’s alloy, octyl alcohol, 
concentrated and 0.5 normal hydrochloric acid, nor¬ 
mal and 0.1 normal sodium hydroxide. 

The alkali-insoluble reineckate: The reineckate pre¬ 
cipitated at a pH of 6.5 from urines after administration 
of choline (following the method of the Spanish authors 
[1]), was almost completely soluble in 0.1 normal sodium 
hydroxide. Since choline reineckate was found to be 
hardly soluble in this solution, the great bulk of the pre¬ 
cipitate was not choline reineckate. On nitrogen basis, 
only 0.7 mg. of choline reineckate is soluble in 100 ml. of 
0.1 normal sodium hydroxide while 113 mg. of urinary 
acid-precipitable reineckate are soluble in this solution. 
To determine the traces of alkali-precipitable reineckate 
(choline) the following procedure was used, adapted from 
the method of Click (4). 

Determination of choline: Saturated sodium hydroxide 
is added to 70 ml. of urine until a blue color to thy- 
molphthalein appears. The precipitate is removed by fil¬ 
tration and to an aliquot, representing 50 ml. of urine, 25 
ml. of Reinecke salt solution are added. The Reinecke pre¬ 
cipitate foiled in four hours in the refrigerator is spun 
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TABLE I 


Recovery of choline added to urine with the method used 


Diagnosis 

Mg. choline 

N added to 
100 ml. 

Mg. choline 

N found per 
100 mi. 

Per cent 
choline N 
recovered 

Normal 

0.250 

0.240 

96 


0.750 

0.710 

93 


1.250 

1.280 

102 

Hepatitis 

0.250 

0.220 

88 


0.750 1 

0.740 

98 


1.250 

1.360 

107 


down. It is washed with the saturated solution of cho¬ 
line reineckate in order to remove any co-precipitated non¬ 
choline reineckate. The final residue is dissolved in ace¬ 
tone containing 1 per cent glacial acetic acid. The solu¬ 
tion is filtered if necessary and made to a noted volume. 
The transmittancy is read in a spectrophotometer or 
colorimeter at a wave length of 520 m^. A standard curve 
is made with choline chloride using the same procedure. 
The results are calculated in mg. of choline N per ml. of 
the acetone reineckate solution. Choline added to urines 
from normal or hepatitis patients was recovered quanti¬ 
tatively (Table I). The amount demonstrated by this 
method represented in the studied cases 0.22 to 4.40 per 
cent of'the total reineckate in the 24-hour urine and 0.27 
to 1.04 per cent of the total amount of the choline N 
ingested. 

The alkali-soluble reineckate: To demonstrate whether 
the alkali-soluble reineckate represents one of the rec¬ 
ognized metabolites of choline such as betaine, dimethyl- 
amine or trimethylamine or its oxide, the reineckate pre¬ 
cipitated from 10 ml. of acidified urine from normals and 
from patients suffering from hepatic diseases after ad- 
iiunistration of choline was dissolved in 20 ml. of 50 per 
cent aqueous acetone. Then S ml. of aqueous saturated 


silver sulfate solution were added (5) to remove the 
Reinecke ion. In the filtrate, the excess silver was re¬ 
moved with 5 ml. of normal hydrochloric acid and the 
water clear filtrate was evaporated under partial vacuum 
and under nitrogen at 30“ C. The residue was dissolved 
in 10 ml. of methyl alcohol, filtered and evaporated as 
above. The final residue was dissolved in 20 ml. of wa¬ 
ter. An aliquot (10 ml.) was alkalinized with potassium 
carbonate and aerated for two hours at room temperature 
in the apparatus described by Sobel and associates (6) 
into 5 ml. of O.S normal hydrochloric acid. To this, 3 ml. 
of Reinecke salt solution were added and the crystalline 
precipitate obtained showed the microscopic appearance 
and melting point (275“ C.) characteristic of trimethyl¬ 
amine reineckate.. Mixing of the crystalline precipitate 
with trimethylamine reineckate-did not alter the melting 
point. The melting point of the picrate was 216“ C., 
identical with that of trimethylamine picrate and was also 
not altered by mixing with trimethylamine picrate. 

To investigate whether trimethylamine oxide (TMAO) 
was also present in addition to trimethylamine (TMA) 
(the former not being aerated under the experimental con¬ 
ditions used), another aliquot of 10 ml. was acidified with 
hydrochloric acid to normality. It was then reduced with 
0.5 gram of Devarda’s alloy and placed in a water bath 
at 90“ to 95“ C. for 40 minutes. After centrifugation the 
supernatant was transferred to the aerating apparatus and 
enough saturated sodium hydroxide was added to re¬ 
dissolve the precipitate formed and then 3 ml. of saturated 
potassium carbonate were added. The mixture was aer¬ 
ated as before. In four experiments (two normal sub¬ 
jects and two patients with cirrhosis), the TMAO ac¬ 
counted for 90 to 97 per cent of the total reineckate, 
TMA for 5 to 10 per cent and choline for 0.56 to 0.77 per 
cent. 

Determination of total trhnethylamines (,TTMA) with 
Reinecke salt: To 50 ml. of acid urine about 2 grams of 
Norit A are added and the mixture shaken and allowed 
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Fig. 1. Analytic.\l Scheme ros the Quantitative Determination of Choline, 
Trimethylamine and Trimethylamine Oxide 
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6M. 

CHOLINE BASE 



Fig. 2. Urinary Excretion of Trimethylamines by 
Normal Persons after Oral Administration of Vari¬ 
ous Amounts of Choline 

The percentage refers to the amount of trimethylamine 
N in relation to choline N administered. Each type of 
line refers to the same experimental subject. 


to stand for at least 30 minutes. In some concentrated 
urines it is necessary to dilute the Norit filtrate. To 5 
or 10 ml. of the filtrate, half a volume of the Reinecke salt 
solution is added. The crystalline precipitate obtained 
after standing at 10° C. for one hour is collected onto a 
fine sintered glass filter using vacuum and -washed -with 
saturated aqueous solution of "urine acid-precipitable re- 
ineckate,” prepared from the same urine. The error pro¬ 
duced by using a saturated solution of the reineckate does 
not exceed 20 micrograms and is, therefore, negligible. 
The crystals are then dissolved in acetone. The color 
is read in the spectrophotometer as in the determination 
of choline. The extinction co-efficient of the Reinecke salt 
of TMAO (prepared according to Dunstand and Goulding 
[7]), was found to be the same as that of choline, betaine 
and TMA chlorides -when expressed as nitrogen. The 
very small amount of choline determined with TTMA 
can be ignored. The presence of betaine or other quater¬ 
nary ammonium bases was excluded because the reinec¬ 
kate precipitable material was shown to be quantitatively 
removed by reduction and aeration. 

Use of Folin-Ciocalteu reagent: The quantitative re¬ 
lation between TMA and TMAO was investigated by de¬ 
termining with the Folin-Ciocalteu reagent the TMA in 
the aerates from alkalinized urines with and without pre¬ 
vious reduction. This reagent, otherwise used for the de¬ 
termination of phenols, gives a blue color with TMA (8) 


but not -with ammonium, mono- or dimethylamine salts. 
Since the phenols of the urine are not aerated under the 
experimental conditions, the color reaction can be con¬ 
sidered specific for TMA. This offers an alternative and 
simple method for the determination of TTMA even if 
present in small amounts. This method which has been 
used in this study for the determination in the stool cul¬ 
tures has subsequently been proven applicable for urine 
specimens. 

Method for determination of trimethylamines with the 
Folin-Ciocalten reagent: For determination of TMA, 10 
ml. of urine are neutralized with saturated sodium hy¬ 
droxide, followed by addition of 3 ml. of saturated potas¬ 
sium carbonate and 4 or 5 drops of octyl alcohol. The 
mixture is aerated and the TMA is collected as described 
before. An aliquot is neutralized with normal sodium 
hydroxide and made to S ml. with water; 2 ml. of Folin- 
Ciocalteu reagent and 3 ml. of the sodium carbonate solu¬ 
tions are added. After IS minutes the developed color is 
read in a spectrophotometer at 620 tm. A standard curve 
is made with pure, dried TMA hydrochloride. For de¬ 
termination of TTMA, 10 ml. of urine are mixed with 
enough concentrated hydrochloric acid to make it normal. 
The sample is treated wth Devarda's alloy as previously 
described, to reduce TMAO to TMA (9). After cooling, 
saturated sodium hydroxide solution is added until the pre¬ 
cipitate formed re-dissolves. Now 3 ml. of saturated po- 
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TABLE ir 


Urinary excretion of choline and trimethylamines in normal 
individuals within 24 hours after administration 
of 2 grams choline base 


Choline j 

j Total trimethylarainea 

Mg. N 

Per cent 
of choline 
Nfed 

Mg. N 

Per cent 
of choline 
Nfed 

Per cent 
excreted 
in first 

12 hours 

(Choline/ 

TMA) 

XlOO 

1.20 

• 0.53 

155.0 

67.0- 

67.5 

0.77 

0.80 

0.35 

142.3 

61.8 

70.2 

0.56 

0.90 

0.39 

150.0 

65.0 

77.0 

0.60 

0.75 

0.33 

138.2 

60.0 

65.5 

0.54 


tassium carbonate are added and the sample is aerated as 
before. The aerate is conveniently diluted and treated 
with the Folin-Ciocalteu reagent. TMAO is calculated 
from the difference between the values before and after 
reduction. Choline and betaine are not converted into 
TMA and, therefore, fail to give the reaction. 

The principles of the procedures applied are illus¬ 
trated in Figure 1. 

Variations of urinary choline and TTMA excretion 
under physiologic conditions 

Excretion under basal conditions: In four nor¬ 
mal subjects and seven patients with liver disease, 
no choline was demonstrated in 24-hour specimens 
of urine. In four normal subjects, 5.70 to 11.00 
mg. of TTMA N and in 22 patients with liver dis- 


2 



Fig. 3. Urinary Excretion of Trimethylamines 
AFTER Or.\l Administration of 4 Grams of Choline 
Base to .\ Norm.<\i. Person without Supplement 

(_-), after Four Days Tre.\tment with Au- 

REOMYCIN AND SULFATHALIDINE (—0—0-), WITH 

Simultaneous Administr^vtion of 100 Grams Cane 

SuG.AR (-) and 100 Grams of Starch 

(-A-A—) 



Fig. 4. Urinary Excretion of Trimethylamines 
BY A Patient with Hepatic Cirrhosis after Oral Ad¬ 
ministration OF 2 Grams Choline Base before (Up¬ 
per Line) and after (Lower Line) Four Days Treat¬ 
ment with Aureomycin and Sulfathalidine 

ease, 5.80 to 14.99 mg. of TTMA N were found in 
24-hour specimens of urine. 

Response to administration of choline: After ad¬ 
ministration of 8 grams of choline base to one nor¬ 
mal individual, equal quantities of choline were ex¬ 
creted in any period observed. During the first 
24 hours the total excretion was 1.40 mg. choline 



Fig. 5. Urinary Excretion of Trimethylamines by 
Three Patients with Liver Disease after Adminis¬ 
tration OF 8 Grams (Upper Line) and 2 Grams 
(Lower Line) Choline Base 
Each type of line refers to the same patient. 
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N. Upon administration of 2 or 4 grams of cho¬ 
line base to four normal individuals, 0.75 to 1.60 
mg. choline N were excreted in the urine. After 
administration of 2 to 8 grams of choline base to 
four normal subjects (in six experiments [Figure 
2]), 60 to 67 per cent of choline N was excreted 
\vithin 24 hours as TTMA of which 95 to 97 per 
cent was TMAO. This percentage was inde¬ 
pendent of the amount administered. Relatively 
little was excreted before six hours and after 12 
hours, the bulk being excreted between six and 12 
hours (Table II). 

Effect of vigestion of other methyl compounds: 
Administration of 4 and 8 grams of betaine chlo¬ 
ride or of 20 grams of dl-methionine to a normal 
individual did not cause urinary excretion of either 
choline or betaine and did not increase TTMA 
excretion. 

I7iflue7ice of mtesthial bacteria upon the excre- 
tio7i of TTMA: Since previous investigations (10) 
indicated that choline is metabolized to TMA by 
species of the genera Proteus, Sahto/iella, Eber- 
thella and Shigella, the TMA formation was deter¬ 


mined by the aeration method in tryptose media 
which contained 1 per cent of choline chloride and 
had been inoculated with 1 drop of 1:1,000 saline 
dilution of feces. In five samples, 41 to 60 per 
cent of the choline present was converted to TMA 
in 24 hours. If 0.3 gram or less choline chloride 
was present in 100 ml. of tryptose medium, all 
choline was converted to TMA. The urinary ex¬ 
cretion of TTMA was determined in one normal 
person and in two patients with cirrhosis of the 
liver before and after administration of 0.5 gram 
of aureomycin and 1 gram of sulfathalidine every 
four hours for four days including the day of the 
second choline administration. In all three in¬ 
stances the excretion of TTMA was greatly re¬ 
duced (Figures 3 and 4 representing two of the 
instances). In the third one (a patient with cir¬ 
rhosis) only 12-hour urine collections were avail¬ 
able and 17.1 mg. of TTMA N instead of 78.5 
mg. (without antimicrobial treatment) were ex¬ 
creted. Feces of the experimental subjects after 
treatment with aureomycin and sulfathalidine 
proved to be almost free of bacteria. 


TABLE HI 


Uriitary excretion of choline and trimethylamines in patients with hepatobiliary diseases within Z4 hours 
after administration of 2 grams of choline base 



Cbotlne 


Total trimethylamines 


DiagnosU 

Mg.N 

Per cent 
of choline 
Nfed 

Mg.N 

i 

' Per cent 

of choline ! 
N fed 

1 

Per cent 
excreted 
in first 

12 hours 

(Choline/TMA) 

XlOO 

Obstruct, jaundice 

1.40 

0.65 

152.0 

66.0 

46.0 

0.92 

Obstruct, jaundice 

1.30 

0.56 

77.1 

33.6 

41.5 

1.70 

Obstruct, jaundice 

0.79 

0.34 

140.0 

60.5 

67.0 

0.56 

Infect, hepatitis 

2.38 

1.04 

61.0 

26.5 

36.0 

3.80 

Infect, hepatitis 

1.18 

0.51 

106.0 

46.0 

55.0 

1.12 

Infect, hepatitis 

0.75 

0.35 

1 148.1 

1 64.0 

31.0 

0.51 

Infect, hepatitis 

0.62 

0.27 

101.4 

44.2 

9.2 

0.61 

Infect, hepatitis 

1.90 

0.83 

91.7 

39.8 

13.2 

2.08 

Chronic hepatitis I 

0.31 

0.13 

144.1 

63.0 

24.7 

0.22 

Chronic hepatitis I 

0.59 

0.26 

122.4 

53.0 

20.3 

0.48 

Cirrhosis i 

— 

_ _ 

106.8 

45.5 

70.0 


Cirrhosis | 

0.70 

0.30 

87.9 

38.2 

[ 33.1 

0.79 

Cirrhosis 

0.77 

0.34 

80.2 

35,0 

34.2 

0.96 

Cirrhosis with jaundice i 

1.10 

0.48 

28.6 

12.4 

' 42.0 

3.85 

Cirrhosis with jaundice 

1.02 

0.44 

25.0 

10.9 

72.0 

4.00 

Cirrhosis with jaundice 


— 

80.5 

35.0 

38.0 


Cirrhosis with ascites 

0.65 

0.28 

101.0 

44.0 

29.5 

0.64 

Cirrhosis with jaundice and 


ascites 

1.35 

0.59 

82.5 

35.8 

61.0 

1.64 

Cirrhosis with jaundice and 




ascites 

1.15 

0.65 

26.2 

11.4 

61.0 

4.40 

I 

Cirrhosis with jaundice and 




_ascit« 

Cirrhosis with jaundice and 

— 

— 

25.6 

11.2 

39.0 

t 

ascites 

Cirrhosis with jaundice and 

1.021 

0.44 

82.1 

35.7 

39.4 

: 1.22 

1 

ascites 

0.85 

0.37 

49.5 

21.5 

18.2 

1.73 
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It has been shown that glucose inhibits the 
conversion of choline to TMA by bacteria (10). 
Tryptose-choline media to which 1 per cent of ill 
glucose was added, failed to reveal upon inocula- 2 
tion with fecal material, any TMA formation. 

One normal subject who received simultaneously c 
with 4 grams of choline base, 100 grams of cane i 
sugar, excreted in the first 12 hours half of the 
TMA excreted previously without sugar adminis- ^ 
rtation; after 24 hours the excretion did not differ 
from the previous test (Figure 3). g 

Administration of 100 grams of starch simul¬ 
taneously with choline decreased the TTMA ex¬ 
cretion in one normal person (after ingestion of 4 
grams of choline base) to one-tenth, even after 24 
hours (Figure 3). In a second instance (which is 
not graphically presented), the TTMA excretion 
after administration of 2 grams of choline base de¬ 
creased following starch intake from 61 to 17.4 
per cent of the choline N given. The urinary cho¬ 
line excretion did not increase.- 

Excretion of choline and TTMA in patients with 
liver diseases 

In patients with liver diseases the urinary ex¬ 
cretion of choline after administration of 2 grams 
of choline base was not higher than in normals. 

In the three patients who received 8 grams of 
choline base, the amount of choline excreted was 
higher (between 2.6 and 3.4 mg. choline N) but 
did not exceed one-third of 1 per cent of the total 
amount given. 

After administration of 2 grams of choline base, 
two out of three patients with obstructive jaundice 
had a normal excretion of TTMA while the third, 
who died a few days later, excreted considerably 
less. Of seven patients with infectious hepatitis, 
five excreted considerably less TTMA than nor¬ 
mal. In all 10 cases of cirrhosis investigated 
(two studied twice), the excretion was markedly 
decreased; in the two instances studied on two 
occasions, almost identical results were obtained. 
Moreover, in almost all patients with hepatic dis¬ 
ease, the excretion was delayed in contrast to the 
normals. In the latter, the buUc of TTMA was ex¬ 
creted in the first 12 hours after the intake of cho¬ 
line while in the patients it was excreted between 
12 and 24 hours. This delay was apparent even 
if the total amount excreted per 24 hours was not 
significantly decreased (Table III). 



Fig. 6. Urinary Excretion of Trimethylamines 
AFTER Administration of Choline Bicarbonate and 
Trimethylamine Hydrochloride (Both in Amounts 
OF 230 Mg. N) by Two Patients with Hepatic Cir¬ 
rhosis 

Each type of line refers to the same patient. 

In three patients with liver disease, the per¬ 
centage of TTMA N excreted in relation to the 
amount of choline N ingested was not significantly 
changed when 8 grams instead of 2 grams of 
choline base were given (Figure 5). Two patients 
with liver disease who previously had delayed and 
reduced TTMA excretion after choline adminis¬ 
tration and who ingested TMA hydrochloride in 
amounts equivalent to 230 mg. N excreted it rap¬ 
idly and almost completely (Figure 6). 

DISCUSSION 

In contradiction to the previously cited report 
on urinary choline excretion (1), this substance 
is excreted in the urine in insignificant amounts by 
normal subjects and patients with liver diseases 
with or without administration of large doses of 
choline. With the method used, the excretion 
rarely exceeded one-third of 1 per cent of the ad¬ 
ministered dose. Moreover, reasonable doubt ex¬ 
ists as to whether the very small precipitate repre¬ 
sents choline and the figures given are maximum 
rather than actual amounts. The bulk of the 
reineckate obtained in the urine after choline ad¬ 
ministration (independent of the quantity adminis¬ 
tered) was proven to be trimethylamine (TMA). 
The greatest part of TMA wj^ in the oxide form. 
This is in keeping with previous reports that in 
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rats (11) and in. one human (12) after choline 
administration, TMA and TMAO appeared in the 
urine. 

This study indicates that, as measured by two 
different methods, t\vo-thirds of the choline ad¬ 
ministered appears in the urine as TMA or its 
oxide. The absolute amount is astonishingly well 
duplicated in the same person. Since many bac¬ 
teria, especially those of the Proteus and Shigella 
groups, are known to transform choline into TMA 
(10), the possibility of such a process in the in¬ 
testinal tract had to be considered. It was con¬ 
firmed by the observation that in vitro feces trans¬ 
form choline, to a large degree, to TMA and that 
suppression of the intestinal flora by antimicro¬ 
bial agents greatly inhibits the urinary total tri- 
methylamines (TTMA) excretion without influ¬ 
ence upon the choline excretion. The conclusion 
is justified that two-thirds of choline administered 
as dietary supplement, independent of the dose 
given, is transformed in the intestinal tract into 
TMA. Information as to the lipotropic activity 
of the latter is not available. Neither betaine nor 
methionine is transformed or excreted as TTMA. 
The fate of the remaining one-third of choline in 
the body is unknown. 

The concept of an extensive bacterial transfor¬ 
mation of choline into TMA appears strange in 
view of the fact that choline absorption should take 
place in the upper part of the small intestine while 
significant bacterial activity starts in the large in¬ 
testine. Further investigations should clarify the 
extent of absorption of choline as such in differ¬ 
ent species. 

Glucose, which is known to suppress TMA pro¬ 
duction from choline by bacteria, inhibits in vitro 
production of TMA by feces. Therefore, the sup¬ 
pression of intestinal TMA formation (as meas¬ 
ured by urinary TTMA excretion) by adminis¬ 
tration of choline together with carbohydrates was 
attempted. Cane sugar, which is rapidly absorbed 
from the intestine, delayed the TTMA excretion 
(and probably the bacterial transformation) with¬ 
out reducing the total excretion in 24 hours. In 
contrast, starch given with choline for the entire 
24-hour period considerably depressed the bac¬ 
terial transformation of choline if the urinary ex¬ 
cretion of TTMA is a measurement. 

Three possible explanations have to be consid¬ 
ered for the observed reduction or delay of the uri¬ 


nary TTMA excretion after choline intake found 
in hepatic diseases; 

(a) Impaired absorption of TMA in the pres¬ 
ence of liver damage. The almost complete uri¬ 
nary excretion of ingested TMA even in patients 
with liver disease speaks against this assumption. 

(b) Faulty urinary excretion of TTMA. The 
complete excretion of fed TMA in liver diseases 
contradicts this possibility also. The bulk of TMA 
is excreted as its oxide. The possibility, therefore, 
has to be considered that the oxidized form is 
more readily eliminated by the kidneys; if the liver 
performs this oxidation, in liver diseases this func¬ 
tion could be at fault. In vitro studies (13) have 
indicated that liver tissue reduces TMAO to 
TMA; therefore, the fact that the ratio between 
urinary TMA and TMAO is not significantly al¬ 
tered in liver diseases contradicts this assumption. 

(c) Faulty bacterial action in liver diseases. 
Possibly the bacterial flora of the intestine is al¬ 
tered in patients with hepatobiliary diseases in a 
quantitative and/or qualitative manner which 
might explain the reduced formation of TMA in 
these conditions. 

The data so far available are too scant to per¬ 
mit conclusions about the therapeutic value of 
supplementing choline therapy with antimicrobial 
agents or carbohydrates or about the causes of 
choline deficiency in the human. The utilization 
of orally administered choline as measured by 
phospholipid turnover with (14) cannot, at 
present, be correlated with the urinary excretion 
of TTMA since the latter does not reflect the fate 
of absorbed choline in the body. For this purpose, 
studies on the urinary excretion of intravenously 
administered choline, which are at present under 
way, appear more promising. 

SUMMARY 

1. A procedure was adopted for the determina¬ 
tion of choline in the urine using its precipitation 
by Reinecke salt, and procedures were developed 
for the determination of trimethylamine and tri- 
methylamine oxide in the urine, based on either 
Reinecke salt precipitation or on the Folin-Cio- 
calteu reaction. These procedures were applied to 
the urines of four normal persons and 22 patients 
with hepatobiliary diseases before and after oral 
administration of 2 to 8 grams of choline base. 
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2. Choline was not found in the urines of nor¬ 
mal persons nor patients with hepatobiliary dis¬ 
eases under basal conditions. After oral adminis¬ 
tration of choline, very small amounts, if any, of 
choline were excreted, as a rule not exceeding 0.3 
per cent of the amount of choline administered. 

3. Under basal conditions, small amounts of 
trimethylamines were found in the urine. Within 
24 hours about two-thirds of the choline N in¬ 
gested was excreted in normal individuals as tri- 
methylamine and its oxide. 

4. Incubated stool dilutions transformed cho¬ 
line to trimethylamine. Inhibition of the intestinal 
flora by aureomycin and sulfathalidine greatly 
depressed the urinary trimethylamine excretion. 
This suggests that the urinary trimethylamines 
result from bacterial transformation of choline in 
the intestine. The greater part of therapeutically 
administered choline is, therefore, changed in the 
liver into a product without known lipotropic 
activity. 

5. Administration of cane sugar with choline 
delayed urinary trimethylamine excretion, while 
intake of starch depressed it. 

6. In liver diseases the urinary trimethylamine 
elimination after choline administration is delayed 
or decreased. Ingested trimethylamine in these 
patients is readily excreted. 
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It is the purpose of this report to describe and 
interpret the varied renal hemodynamic patterns 
and associated clinical and biochemical features ob¬ 
served in 29 children with the nephrotic syndrome 
studied behveen January, 1949, and June, 1950. 

Cases of the “nephrotic syndrome” present cer¬ 
tain uniform and consistent clinical features (1), 
but their separation into two groups, “nephrosis” 
and the “nephrotic stage of nephritis,” has been 
rather arbitrary and frequently difficult. Normal 
or supernormal renal function (2) on the one hand, 
and hematuria, hypertension, and azotemia (3-6) 
on the other, have been the classical criteria for 
this distinction. However, review of the clinical 
course of patients classified as “nephrosis” with 
subsequent complete remission, has shown that 
moderate hematuria, hypertension and azotemia 
were common transiently observed phenomena (7- 
10). Moreover, serial renal function studies have 
demonstrated varying degrees of functional impair¬ 
ment in patients clinically classified as instances 
of either nephrosis (11, 12) or the nephrotic stage 
of glomerulonephritis (13-15). 

This study was undertaken in order to deter¬ 
mine: 
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1) If measurements of renal function would as¬ 
sist in the early differentiation of benign nephrosis 
from progressive nephritis, 

2) if such a differentiation were valid physio¬ 
logically, and 

S) if studies of renal function would help to 
elucidate the pathogenesis of the nephrotic syn¬ 
drome, A preliminary report has been published 
(16). 

Lacking the biopsy material which would peo- 
mit morphologic description of the diseased organ, 
the results of our physiologic studies seem to cor¬ 
roborate an earlier suggestion, based on patho¬ 
logic studies, that both “degenerative” lipoid ne¬ 
phrosis and “inflammatory” glomerulonephritis 
are characterized by anatomical lesions and dis¬ 
turbances in function which are identical in kind, 
but different in degree (17). The data of this re¬ 
port indicate that the glomerulus is a primary site 
of the disease process, but the syndrome is fre¬ 
quently characterized by reversible metabolic and 
hemodynamic rather than solely by irreversible 
anatomic damage of the nephron. 

CLINICAL MATERIAL AND PROCEDURES 
General plan of study 

Estimations of glomerular filtration rates (GFR), renal 
plasma flow (RPF), and maximal tubular excretory ca¬ 
pacity (TmpiH), were made in 29 nephrotic children, 
with more than one series of simultaneous biochemical 
and renal functional studies in 17 of these patients. In 
all, 53 estimations of renal function and biochemical status 
were made and correlated with clinical courses. Of the 
29 patients, only two were over 6.5 years of age at the 
time of first admission. Three patients were over 6.5 
years of age at the time initial renal function studies 
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TABLE I 


Clinical status of all nephrotic patients observed during 
interval January, 1949~June, 1950 


Nephrotic 

patients 

No. of 

Males 

Clinical status* 

patients 

Remission 

Good 

Poor 

Dead 

This report 

29 

11 

lot 

6 

3 

lOt 

Remainder 

clinic 

61 

45 

20 

22 

9 

10 

group 1 







Total 

90 

56 

30 

28 

12 

20 

Per cent 

100 

62 

33 

31 

14 

22 


■“ Remission = No edema, normal diet, full activity, 
minimal to absent proteinuria for at least 
two months. 

Good = Edema, proteinuria, hypoproteinuria, 
hyperlipemia, no anemia, acidosis, azo¬ 
temia. Urine specific gravity 1.018 or 
more. 

Poor = Nephrotic syndrome with anemia, aci¬ 
dosis, azotemia, urine specific gravity 
"fixed” 1.010. 

t Three patients have relapsed since this report was 
submitted for publication. 

tTwo patients died shortly after this report was pre¬ 
pared for publication. 

were done. All other patien*^s were less than five years 
of age. Omitting two extremes of age, the mean age of 
the group was 3.3 years and median age 3.0 years. Com¬ 
ments on the physiological disturbances of electrolytes 
and body fluids will be the subject of another report. 

Appraisal of the factors which determined the selection 
of the particular patients for study from our clinic group 
was extremely difficult. Patients usually appeared in the 
clinic soon after manifestations of the disease were noted. 
The observed group of patients, therefore, was not un¬ 
duly weighted by the usual preponderance of severe or 
advanced cases commonly noted in hospital samples. 
An attempt was made to select for study children with 
nephrosis and both with and without hematuria and/or 
azotemia, and with active disease of varying duration. 

The sex distribution and clinical status of the patients 
studied is related to that of the total group of 90 neph¬ 
rotic children observed in this clinic during the same 
time interval (Table I). The inclusion of fewer males in 
the study sample may be attributed to reluctance to cath- 
eterize male children with marked edema of the genitalia. 

Blood samples 

Serum or plasma concentrations of the test substances 
employed were, in the majority of instances, measured 
in “arterial” blood obtained from capillary puncture. An 
inlying venous needle with fitted stylette was frequently 
used in larger children for sampling. Approximately 0.5 


ml. whole blood was collected in 10 cm. long, 3 mm. bore, 
chemically clean capillary tubes—filled by direct capil¬ 
larity from finger puncture (18). A drop of dilute heparin 
was used to wet the bore when plasma was desired; how¬ 
ever, a considerably better yield of serum was usually 
obtained from the same aliquot of non-heparinized blood. 
The capillary tube, when filled, was capped with flanged 
flexible rubber caps.^ Twenty to 40 seconds were usually 
required to fill a tube. After centrifugation for 30 min¬ 
utes at 2,500 rpm, the tube was scratched 1 mm. above 
the level of packed cells, the cap at the serum end of the 
tube removed, and the serum-containing portion of the 
tube carefully broken off and recapped. The heparinized 
blood hematocrit was read directly by alignment of the 
tube against a millimeter rule. Approximately 0.2-0.3 ml. 
serum was thus available per tube. Two or three micro¬ 
tubes obtained per period sufficed for duplicate determina¬ 
tions. Where simultaneous thiosulfate, inulin, and PAH 
clearances were done, four or five tubes were obtained 
per period. The relatively small yield of serum, however, 
necessitated micromodification of usual procedures. 

Renal function studies 

Patients were hospitalized and confined to bed for 18 
to 24 hours prior to study. Fluids were allowed ad lib. 
No food was offered during the eight hour period pre¬ 
ceding the test. All clearance studies were begun at 
approximately 8:30 a.m. Using a dose based on age, 
premedication with morphine sulfate and atropine sulfate 
was employed in about two-thirds of the studies in order 
to reduce apprehension in uncomfortable, edematous chil¬ 
dren. In general, commonly accepted techniques with 
few minor modifications were employed. A single in¬ 
jection of thiosulfate and constant infusion of inulin and 
PAH were used. Urine was collected through an in¬ 
dwelling, multi-eyed 8-14F catheter. The bladder was 
washed at the end of each period with sterile distilled wa¬ 
ter and with air. Urine volumes, including wash, were 
recorded to the nearest 0.1 ml. Thirty minutes were al¬ 
lowed for equilibration after the priming injection. 
Consecutive 15 minute collections of urine were then made 
for six to ten periods. In the majority of instances, blood 
samples were obtained at approximately 30, 60, 90, 120, 
ISO, and 180 minutes and midpoint values of each period 
determined by interpolation. It was not possible to cor¬ 
rect for urine delay time. A control venous blood sam¬ 
ple was obtained under oil for blank determination and 
analysis of various serum chemical components. All sera 
and urine aliquots for thiosulfate and inulin analysis were 
precipitated within two to four hours. Analyses were 
completed within 24 hours. 

METHODS 

Glomerular filtration rate (GFR) was determined using 
a single injection of sodium thiosulfate (NajSjOj'SH-O) 

^ Obtained from the West Company, 1117 Shakamaxon 
St., Philadelphia, Pa. 
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(19) in tlie initial 19 obscrrations. In the majority of in¬ 
stances, simultaneous inulin and thiosulfate clearances 
were measured. Appro-ximately 30 mM. (8 gm.) NajSiOi' 
SHjO per square meter of surface area were administered 
as a freshly prepared lQ-17% solution. Unpleasant re¬ 
actions to relatively rapid infusions (6-10 ml./min.) of 
tliis solution were rare. Concentrations of thiosulfate in 
serum and urine were determined in duplicate, with 
micromodification for serum, according to the standard 
periodate titrometric method. Semilogarithmic plot of 
urinary thiosulfate e.\cretion and of serum concentra¬ 
tions against time usually followed decremental straight 
lines of varying slope. Initial serum concentrations ap¬ 
proximating 40-60 mg./lOO ml. were usually obtained. 

The inulin clearance determined by a constant infusion 
technique was measured simultaneously with thiosulfate 
and PAH clearances in the majority of instances.® Serum 
concentrations of inulin usually approximated 20-80 mg./ 
100 ml., and of PAH, l.S-4.0 mg./lOO ml. Inulin in se¬ 
rum and urine was determined by method of Roe, Epstein, 
and Goldstein (21) with minor modification. The stand¬ 
ard acid CdSO* protein precipitating solution (22) was 
found to give as satisfactory recoveries as the Somogyi 
reagents, and therefore this deproteinizing agent was used. 
For precipitation, serum in tlie microtubes was trans¬ 
ferred by capillarity into a calibrated 0.2 ml. (normax 
grade) pipette and delivered with three washings into 
2,0 ml. distilled water contained in a 3-4 ml., 10 mm. bore, 
precipitin tube. The standard CdSO, precipitation was 
completed using one-tenth quantities of reagents. After 
standing 10 minutes, the precipitate was compacted by 
centrifugation for 20 minutes at 2,000 rpm. Duplicate 
tubes were prepared for each specimen and afforded suf¬ 
ficient supernatant for duplicate determinations of PAH 
and inulin. Optical density of color for inulin and PAH 
was determined in a Coleman Junior spectrophotometer. 
Maximum absorption of the resorcinol-inulin complex oc¬ 
curred at 510 nui. Standard recoveries were determined 
with each series of analyses and an average constant in 

® A comparison of 118 simultaneous thiosulfate and inu¬ 
lin clearance periods indicated fairly good agreement at 
all clearance levels, although the quantitative significance 
of values obtained at apparently low levels of filtration is 
questionable. Occasional widely discrepant values were 
noted. Thiosulfate clearances were usually greater than 

those of inulin. The average clearance ratio 

muhn 

for all periods was 1.1. Greater discrepancies were ob¬ 
served with the highest clearance values. The correlation 
coefiicient of thiosulfate versus inulin clearance was 0.88 ± 
0.09. The mean discrepancy between all values for simul¬ 
taneous thiosulfate versus inulin clearance was 5.5 ifc 3.9 

ml./min. The ratio, was apparently inde¬ 

pendent of serum concentration of thiosulfate, r = 0.36, 
in contrast to observations in pregnant women (20). 


terms of optical density was derived. The constant, rather 
than a standard transmission curve, was used for calcu¬ 
lation. Little variation in constants was observed in 
more than 70 multiple recovery determinations. 

Constant infusions of PAH following a priming dose 
were used to measure renal plasma flow (RPF) and max¬ 
imal tubular excretory capacity (Tm) (23). PAH was 
diluted in S% glucose for clearance and in distilled HjO 
for Tm determinations. Priming doses were diluted in 
distilled HjO. The observed PAH clearances may be low 
because of the unrecognized reaction of PAH with glu¬ 
cose (24). In the initial renal function studies, glomeru¬ 
lar filtration rates were determined with thiosulfate im¬ 
mediately prior to RPF and subsequent Tm periods. 
Thereafter, simultaneous inulin and PAH clearance and 
saturation studies were carried out. Concentrations of 
PAH in serum and urine were determined by micromodi¬ 
fication of a standard method (22). At high serum con¬ 
centrations, 1.0 ml. aliquots of the supernatant solution ob¬ 
tained after precipitation {vide supra) were diluted 20 
times with distilled water and color was developed in 10 
ml. aliquots by standard macro technique. Color was read 
at 540 m/i in the Coleman Junior spectrophotometer. 
Standard recoveries and determination of recovery con¬ 
stants were carried out with each series of analyses. 
Serum blank was determined by difference. Urine blanks 
were found to be negligible at the dilutions used (1:2,500- 
10 , 000 ). 

Impairment of the renal tubules may decrease the ex¬ 
traction ratio and may invalidate the use of uncorrected 
clearances for the measurement of renal plasma flow. 
Renal PAH extraction data are not yet available in in¬ 
fants and children. Cargill has reported values for renal 
PAH extraction of normal adult patients and of nine 
glomerulonephritics with varying levels of observed PAH 
clearance (25a). An exponential extraction curve has 
been constructed from these data and used to “correct” ob¬ 
served RPF for approximate extraction in order to af¬ 
ford an estimate of "corrected” renal plasma flow 
(RPFo). An assumption of this type has obvious limi¬ 
tations, but occasionally seemed to yield a more reason¬ 
able range of magnitude for renal plasma flow. 

Estimation of surface area 

The estimation of surface area in the persistently ede¬ 
matous child presents an obvious problem, and ideal weight 
in relation to height and age is unreliable in children 
whose disease is of sufficiently long duration to impair 
linear growth and induce chronic malnutrition with 
wasting, A reasonable approximation of “non-edematous 
weight” usually was derived by comparing the observed 
volume of distribution (Vd) of thiosulfate in the edematous 
patient to a presumed “normal" Vd estimated from thio¬ 
cyanate space regression equations for height (256). 
SCN and SjOj may occupy somewhat different apparent 
distributions in view of the protein binding of SCN (26) ; 
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neither accurately measures extracellular fluid volume.® 
Occasionally such estimation of surface area (SA) was 
obviously inadequate. Post-diuresis weight then was used 
to correct previous measurements of renal function to 
unit values. Using the derived value for “non-edematous 
weight,” SA was estimated either by calculation or from 
nomograms constructed from the standard DuBois rela¬ 
tionship : SA = W" "' X X 71.84. 

Other measurements 

Serum proteins were determined by micro-Kjeldahl 
analysis. Serum NPN (27), gasometric COj content 
(28), pH (29), and cholesterol (30), were determined by 
standard methods. Plasma volume determinations,^ using 
Evans blue (T-1824) and a modification of an acetone ex¬ 
traction technique (31), were carried out in all patients 
immediately prior to clearance studies. 


RESULTS 

I. Clinical observations 

A summary of the clinical features of patients 
studied by clearance techniques is given in Table 

II. 

® The use of Vd thiosulfate for the estimation of “non- 
edematous weight” is indicated by the following example: 
Patient CB, Male—Age 1-11/12 
Edematous—Before diuresis 

Height = 90.8 cm. 

Initial volume distribution (Vn) NasSjOs = 8.26 L. 
Predicted normal Vd for height* = 3.32 L. 

Estimated volume edema 
(predicted decrease Vd) 

Estimated weight edema = 4.94 X 1.02 

Actual weight 17.70 Kg. 

Edema 5.04 

Estimated non-edematous weight 
for predicted change in Vd 12.66 Kg. 

* Where Vd (NaScN) =• -6.14 + 0.1042 H for SA = 0.5 
- 1.2 M» (256). 

Non-edematous—^After diuresis 
Height = 91.5 cm. 

Final volume distribution (Vd) NajSiOj = 3.23 L. 
Observed decrease (Vd), 8.26 — 3.23 = 5.03 L. 

Estimated weight change from observed 
change in Vd = 5.03 X 1.02 = 5.13 Kg. 

Predicted weight from actual Vd, 

17.70 - 5.13 = 12.57 Kg. 

Observed non-edematous weight = 11.88 Kg. 

Error of prediction = 0.69 Kg. 6% 

Estimated ideal weight from height = 13.50 Kg. 

11.88 


= 4.94 L. 
= 5.04 Kg. 


Error of prediction = 1.62 Kg. 14% 

^ Detailed data will be the subject of another report. 


The onset of symptoms was estimated from his¬ 
tory. Since many of the children who developed 
the disease were quite young, observations of 
growth and physical status, occasionally including 
blood pressure and urine examination, had often 
been made by the family physician prior to onset of 
the nephrotic syndrome. When available, such 
information confirmed the absence of antecedent 
renal disease. Since renal disease of this type in 
children is usually associated with marked loss of 
appetite, lassitude, oliguria, and personality change 
or irritability before edema is more than suspected, 
parents were apt to consult their physician with the 
advent of definite edema. In no instance was gross 
hematuria, elevated blood pressure, or cardiac fail¬ 
ure observed by the first physician to see the patient 
in the early phases of the disease. Upper respira¬ 
tory or other infections preceded the onset of the 
nephrotic syndrome in only seven- of 29 patients. 

All patients with the nephrotic syndrome at the 
time of initial observation in this clinic presented 
the rapid or insidious onset of edema as a chief 
complaint. Oliguria, marked proteinuria, absence 
of gross or marked microscopic hematuria, hypo- 
proteinemia (micro-Kjeldahl), and elevation of se¬ 
rum cholesterol were constant features. Cardiac 
enlargement was not observed but variable values 
for blood pressure and NPN were obtained in all 
phases of the disease (Table II). Spontaneous di¬ 
uresis, frequently observed in the first weeks or 
months of the disease, was usually associated with 
temporary improvement in the values for urine 
and blood constituents. 

Hematuria, azotemia and anemia 

The clinical data indicated that hypertension, 
microscopic hematuria, and/or slight to moderate 
azotemia during the early months of the disease 
often were unreliable indices of the functional 
state of the kidney or subsequent course of the dis¬ 
ease. However, essentially hyperbolic correlation 
was found between elevation of the NPN and di¬ 
minution of GFR (Figure 1) as previously noted 
(32-34). Similarly, the occurrence and extent of 
acidosis, as indicated by serum CO 3 content and 
pH, was found to correlate roughly with reduction 
of GFR (35, 36) (Figure 2). The simultaneous 
variation of pH, CO, content and non-CO, serum 
buffers in relation to GFR was expressed according 



table 11 

Clinical and laboratory data of children with the nephrotic syndrome 
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TA.BLE II— Conlinued 


20 

Clinical data 

Status 

Months'after 

onset 

No edema, uremia 
35 mo. 

Kemissioa 

12 mo. 

Died.ft Cardiac 
failure 17Jmo. 

No edema, 
proteinuria 

25 mo, 

Temporary 

remission 

14 mo. 

Died.tt Uremia 
30 mo. 

Remission 

14 mo. 

Active disease 

24 mo. 

Remission 

20 mo. 

Active disease 

30 mo. 

a 

a 

a 

D 

«7o 

•SE 

5:2 

Remission 

34 mo. 

o. 

tM 

Diuresis 

Spontaneous 

17 mo. 

Spontaneous 

1 and 8 mo. with 
remission 

None 

Following 
measles and 

2 times since 

Post ACTH 

i 

Post paracentesis I 

Post para- I 

ccnteses; post i 

ACTH . 1 

Following 

cellulitis 

Spontaneous 1 

10 mo., with 1 

remission j 

None 

Post infection 

8 mo. 

Spontaneous 

2 yrs. 

00 


j Special therapy 

None 

None 

Human serum 
albumin; 
measles 7 mo.; 
thoracenteses, 
paracenteses; 
ACTH IS mo. 

Measles 3 mo. 

ACTH 6 and 

11 mo. 

Human serum 
albumin; 
frequent para¬ 
centeses and 
transfusions 

Paracenteses, 
thoracenteses; 
ACTH 13 mo. 

None 

Prophylactic 

antibiotics 

Human serum 
albumin 

Human serum 
albumin 

Human serum 
albumin 

t-. 


Infection 

j After onset 

Probable perito¬ 
nitis 2 times in 
first 18 mo. 

None 

Cellulitis; 

pneumonia; 

pneumococcal 

1 septicemia; 
terminal staph, 
albus septicemia 

Measles 

None 

None 

[ Paracolon septi¬ 
cemia 11 mo.; 
cellulitis 12 mo. 

Peritonitis; 

cellulitis 

1 Bronchitis 5 mo.; 
peritonitis 9 mo. 

None 

Mumps 0.5 mo. 
Pneumococcal 
[ peritonitis 

8. 10, 13 mo.; 
pneumonia 

Cellulitis; 

bronchitis 

o 

Before 

onset 

None 

Severe 
sunburn 
0.3 mo. 

None 

None 

None 

None 

URI 

O.S mo. 

None 

0 

pi to 

Pd 

0 

d 

URI 

9} 

4J 

Ig 

11 H 

s" 

VO 

TJ h 
o 3 

OCO 

0 

000 

0 

Ov 

0*0 CS 

000 

t^;^QO 

00 

tHGO 


OQ 

lO 

\OCO 

*-«es 

wH »H 

0 

CO 

OVO 

COSO 


Laboratory data 

S s 

o, 

0 ^ 

000 

0 

o\ 


o' 

•H 


000 ’ 

rnO 1-H 
*H 

00 

o*-* 

rH fHl 

0 

«H 


too 

o' 

*H 

'^'0 


•H* 

A 

e 

(U 

W 

+ 

CSO 

4- 

4*4* 

t*>es 

4- 

ro 

++n 

4*4^4" 

4-4- 

4- 

a 

-tJ4 W 

4* 

4- 

fO 

«H 

•a^ 

w| 

12.0 

12.6 

13.8 

12.3 

10.5 

13.8 

OO^N 

dooo* 

w »-< 

OMC4- 

«sd*o 

4>H hH 

11.0 

10.8 

w 


17.5 

10.4 

9.5 

d 

N 

Blood chemistry 

Choles¬ 

terol 

nig.% 

730 
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460 

304 

730 

800 

412 

■ 

m 

650 


'OO 

C'^tO 


Serum 

proteins 

Em.% 


■ 

cso 

f4t<J 

3.4 


qcscs 

cot^ 

dto 

■ 

5.3 

vMCO 

toc4 

3.9 

O’fJJ 

tod 

o 







rofow 

toes 
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^to 

<s 


o» 

„cti 
o gtu 

Ss 

25.5 

21.2 

24.9 

24.0 

26.4 

24.4 

20.2 

14.4 

24.8 

24.0 

24.0 

12.9 

i 

21.2 

21.8 

■ 

rO 

i 

28.0 

25.2 

9.0 

csto 

00 

zs 

39.2 

39.7 

33.1 

25.9 

70-23 

r*. CO w 

cs^cs 
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52.8 

33,1 
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oq 

43.7 
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37.3 
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.2 

'u 

p 

a 

a 

o 

0-1 

4-10 

0.7 

PH® 

S'O 
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0-1 

4-10 

2,0 

6.9 

i 

m 

0-1 

So 

o 

o 

« 

lai 

0-2 

4-10 

1.1 

0-2 

2-4 

2.3 

qqt-; 

to 


0-10 

0 

5.3 

0-21 

63.4 

4-10 

4- 

0 

«H 


uo 

1 Pro¬ 
tein 

++ 

tO'tf 

0.9 

4-4" 

m 

MtotO 

4“4‘4" 

<nQ 

2.5 

+ 9 

cq4- 

4- 

to 


H 

Dura¬ 

tion 

of 

disease 

in 

months* 

qq 

sqltNT 

pH 

5.0 

qvo 

’dcH 

6.0 

7.0 

11.0 

12.0 

7.0 

7.5 

22.0 

8.0 

12,7 

9.0 

0 

10 

15.0 

26.0 

15.5 

1 n.o 

30.0 

to 

Patient 
Arc on 
first 
admis¬ 
sion 

J. F. 
3-11/12 

9 

G. C. 
2-1/12 
c? 

R. G. 
3-1/12 
c? 

P. N. 
2-8/12 

9 

•2 

E. D. 
2-0/12 

9 

i 

H.S. 

3-0/12 

cf 

D. G. 
7-8/12 

9 

L.C. 1 
3-1/12 

9 

SO 

W. L. 
2-10/12 
o’ 

E. G. 
4-2/12 

9 

M 

■■ 

337285 
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to the buffer base concept suggested by Singer and 
Hastings (37) (Figure 3). In approximately 
half of the patients, whole blood buffer base was 
estimated. In these instances, the derived values 
were slightly different; the trend and relationships 
were the same. It was evident that reduction of 
serum buffer base was usually associated with re¬ 
duced GFR; however, reduction of GFR was ob¬ 
served occasionally without concomitant lowering 
of serum buffer base. Anemia, when accompany¬ 
ing azotemia and acidosis, completed a triad which 
indicated marked limitation of renal regulation and 
suggested a very poor prognosis. Anemia is rare 
early in the nephrotic syndrome. These three vari¬ 
ables, rather arbitrarily related to each other, have 
been expressed as a ratio and correlated with GFR 
(Figure 4). The limitations of such an expression 
are obvious. In most instances, reduction in the 
arbitrary ratio accompanied roughly proportional 
reduction in GFR. However, one child (No. 24),® 
with moderate reduction in the arbitrary ratio 
after 17 months of active disease, appeared to be 
in clinical remission approximately one year later 
although functional data suggested residual renal 
damage. Several children with very low ratios 

* Here and elsewhere, patients' numbers are as in Tables 
11 and III. 


have died (Nos. S, 11, 18, 23, 26, 28); the others 
have persistent nephrotic symptoms and ample 
evidence of renal insufficiency. 

Renal function data 

The pertinent renal function data for each pa¬ 
tient are presented in Table III and may be cor¬ 
related with the clinical and biochemical observa¬ 
tions in Table II. The validity of the “clearance” 
concept in the presence of nephron damage has 
been justifiably questioned (38-40). Some data 
on the response to adrenocorticotropic hormone 
(ACTH) therapy is included since ACTH may 
indirectly alter the metabolic activity of viable 
nephron cells (41,42).® It can hardly be expected 
to restore destroyed, fibrosed or hyalinized tissue. 
Therapeutic response, therefore, affords one pos¬ 
sible means of contrasting reversible impairment 
of function with irreversible destruction of 
parenchyma. 

Glomerular filtration rate. 

The distribution of values for GFR in relation 
to the duration of the disease is depicted in Figure 
5. The course of certain patients is indicated. In 

® A detailed report concerning physiologic and clinical 
response to ACTH is in preparation. 
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RELATION Of HEMOGLOBIN. SERUM NON*PROTElN NITROGEN a BUFFER BASE TO 
GLOMERULAR FILTRATION RATE IN CHILDREN WITH THE NEPHROTIC SYNDROME 
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Fig. 6. 


general, glomerular function in the nephrotic syn¬ 
drome varied with duration of the disease. Uni¬ 
formly reduced filtration rates were noted in nine 
patients observed during the initial 2.5 months of 
the disease. Occasionally, supernormal values 
were noted in the following few months. More 
commonly, progressive reduction occurred. 

Diuresis, which occurs spontaneously in many 
nephrotic children during the first weeks or months 
of the disease, usually was associated with im¬ 
provement of GFR. Increased GFR and filtration 
fraction were not essential to initiate diuresis (42). 
In one instance (No. lo)/® the initial diuresis was 
spontaneous; in others (Nos, 8 ,, 122 , 3 ), it fol¬ 

lowed ACTH therapy. Following the initial diure¬ 
sis and during the phase of recurring edema (Nos. 
I 3 , 83 ) reduced filtration was again noted. Four in¬ 
stances of supernormal filtration rates were ob- 
ser\'ed after the first two months of the nephrotic 
syndrome. In one patient (No. 17^^), the observa¬ 
tion was preceded by diuresis initiated with ACTH 
therapy. In others, (Nos. 10, 11, 16), no therapy 
had been employed. Subsequent determinations 
(Nos. 17n, IO 2 , IL) revealed striking reduction of 

Subscript refers to determination number of a given 
patient; in this instance, to the second renal function study 
of patient S. J. 


filtration. An increase in filtration rate was ob¬ 
served twice in the same patient (Nos, I 4 , 17^) fol¬ 
lowing successive courses of treatment with ACTH 
with diuresis. Spontaneous or ACTFI induced im¬ 
provement of GFR after many months of active 
disease was also noted twice (Nos. IPj, 24,). 

With continuation of the disease, progressive 
lowering of GFR was ultimately associated with 
renal failure. Extreme reduction in GFR was 
noted (No, ISj,,) for many months before clinical 
evidence of renal failure became apparent. Dem¬ 
onstration of diminished filtration after 17 months 
of active disease did not preclude apparent clinical 
remission, (No. 24). Subsidence of nephrotic 
symptoms and signs after a protracted course was 
usually characterized by persistent evidence of 
minimal inflammatory renal response and slightly 
reduced GFR (Nos. 17 3 , 24,, 29). Relatively 
early clinical remission was accompanied by normal 
GFR (No. 21). 

Renal plasma flow 

Unlike GFR, greater than normal values for ap¬ 
parent renal plasma flow were occasionally ob¬ 
served during the first months of the disease (Fig¬ 
ure 6 ). Marked elevation of renal plasma flow 
was observed concomitantly with supernormal 
GFR (Nos. 10, 16) as well as with moderately 
(No. 5i), or markedly (No. 3) reduced GFR. In 
several instances, elevation of the filtration rate was 
associated with diminution of renal plasma flow 
(Nos. II 3 , 17i). It was evident that change in 
renal plasma flow could occur without significant 
variation in GFR (Nos. 3, 9, 15, 18, 22). The 
reverse also was true (Nos. 1, 12, 17). 

Following diuresis, either spontaneous (No. U) 
or induced (Nos. U, I 73 , 123 ), a definite increase 
in renal plasma flow usually was not observed. In 
one instance (No. 23 ), RPF was apparently 
doubled. While normal values were occasionally 
noted with apparent clinical remission (Nos. 12 , 
21 ), reduced renal plasma flow was also observed 
(Nos. 24,, 29). Persistence of the nephrotic syn¬ 
drome was usually associated with progressive re¬ 
duction in both measured and “corrected" renal 
plasma flow (Nos. S, 83, 13, 17,, 18, 22). 

Maximal tubular excretory capacity 

Maximal tubular excretory capacity was usually 
within normal limits or was slightly reduced during 
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RELftTIOM OF MAXIM41. TUBULAR EXCRETORT' CAPACITY TO 0URATK3H OF THE NEPHROTIC 

SYNDROME IN CHILDREN 



Fig. 7. 


the first months of the disease (Figure 7). Neither 
spontaneous nor ACTH induced diuresis coni- 
monly was associated with significant alteration 
in this function (Nos. 12^, 17j) except 

in (No. 23 ). Early reduction in maximal tubular 
excretory capacity was apparently reversible, (Nos. 
23 , ISj). With persistence of the disease, progres¬ 
sive reduction in TmpAH was observed. With 
clinical remission, despite a protracted course, nor¬ 
mal values were observed (Nos. 21, 24, 29). 
Tubular reabsorption of PAH possibly accounts 
for the occasional observation of negative Tm pe¬ 
riods (Nos. 3, 23) or apparent extreme reduc¬ 
tion of effective tubular mass (Nos. 5, 10, 11, 18, 
26 - 28 )."^ 

DISCUSSION 

Marked distortion of the nephron and its sup¬ 
porting structures with extreme variation in archi¬ 
tecture is not common in the early phases of the 
nephrotic syndrome in children (43, 44). In in¬ 
stances where death has resulted from intercur¬ 
rent infection in the early months of the disease. 

Despite rising serum PAH and inulin levels, consecu¬ 
tive periods commonly revealed little change in Tm al¬ 
though a slight tendency toward depression of simultaneous 
inulin clearance was noted. 


the absence of striking morphologic changes, par¬ 
ticularly of the glomerulus, has been evident (9, 
11). Our data indicate a slight to moderate reduc¬ 
tion of glomerular filtration early in the course of 
the nephrotic syndrome. Filtration is largely the 
resultant of hydrostatic pressure in one direction, 
oncotic and renal interstitial pressure in the other, 
and of the area over which the resultant pressure 
is exerted. Changes in effective renal arteriolar 
resistance may modify filtration (45, 46). The 
ratio of glomerular filtration to renal plasma flow 
(filtration fraction) defines the filtration equilib¬ 
rium. Early in the nephrotic syndrome, the filtra¬ 
tion fraction (FF) occasionally was observed to 
be essentially normal; rarely, it was markedly ele¬ 
vated ; most commonly it was reduced (Figure 8 ). 
Renal plasma flow was usually reduced early in 
the disease, but filtration appeared to suffer greater 
proportionate reduction, although inconstant dis¬ 
sociation of the two functions was evident (Figure 
9). The relationship between the two variables is 
illustrated by means of a correlation diagram of 
the sort employed by Goldring and his associates 
(47) and Smith (48). In this diagram, the elipse 
represents the perimeter of a normal surface within 
which 70% of normally correlated values would 
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be expected to fall. The statistical background for 
the elipse was calculated from the data of Rubin, 
Bruck, and Rapoport (49). Spontaneous or in¬ 
duced (ACTH) improvement of the nephrotic 
syndrome was usually associated with an increased 
filtration fraction. An absolute increase of GFR 
usually was responsible. Plasma protein concen¬ 
tration (or content) did not appear to undergo ap¬ 
preciable diminution with diuresis, and possibly 
increased. Therefore, further reduction of oncotic 
pressure accounting for increased filtration 
seemed unlikely. An increased filtration fraction 
associated with reduced afferent and augmented 
efferent arteriolar resistance has been observed 
with diuresis in nephrotic edema (42). Improved 
filtration during the nephrotic syndrome might re¬ 
sult from decreased interstitial renal (subcapsular) 
pressure, alteration in membrane permeability, in¬ 
crease of the effective glomerular bed by restoration 
of normal circulatory channels, or by increase in 
glomerular pressure. It is not possible to choose 
between these alternatives at present. Since re¬ 
duced GFRs were demonstrably reversible for 
variable periods of time, a disease process irre¬ 
versibly obliterating glomeruli during the relatively 
early phases of the nephrotic syndrome seems un¬ 
likely. Persistence of the nephrotic syndrome with 
evidence of active renal disease for some period 


of time usually was associated with gradual re¬ 
duction in all functional moities. When, in cases 
of the protracted nephrotic syndrome progressive 
diminution of filtration fraction was observed, as¬ 
sociated changes in RPF/TmpAn and GFR/ 
TmpAH suggested extensive nephron damage. 
These observations are consistent with those re¬ 
ported in glomerulonephritis (14, 15). 

Increased maximal tubular excretory capacity 
following diuresis was occasionally observed in the 
first few months of the nephrotic syndrome. These 
observations suggest increased activity of the tu¬ 
bular cell. It has been demonstrated that the ex¬ 
cretory capacities of the tubular cell may be altered 
under certain conditions (50). In either case, the 
concept of primary degenerative, irreversible change 
of the tubular tissue seems untenable. With clini¬ 
cal remission following many months of an active, 
persistent nephrotic syndrome, the effective tubular 
mass appeared to be essentially normal or only 
slightly reduced. With relapse, or progressive, 
active disease, reduction of Tm appeared to cor¬ 
relate with relatively symmetrical reduction of 
GFR (Figure 10). This phenomenon has been 
interpreted as evidence for ablation of functioning 
nephrons (48). The simultaneous appearance of 
biochemical renal insufficiency (Table II) tended 
to corroborate this interpretation. Reduction of 
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Fig. 9. 


effective tubular mass, however, appeared dispro¬ 
portionately greater than diminution of renal 
plasma flow (Figure 11), suggesting hyperemia of 
the residual tubular tissue. In view of pathologic 
studies indicating distortion, vascular obliteration 
(51), and relative renal ischemia in advanced re¬ 
nal disease (15, 52), it seems likely that the ap¬ 
parent hyperemia is vicarious. 

Neither the clinical observations nor the renal 
functional data clarify the etiology or pathogenesis 
of salient features of the nephrotic syndrome such 
as edema, hyperlipemia, hypoproteinemia or hypo¬ 
calcemia. However, the data of this report form 
the basis for an hypothesis concerning the renal 
hemodynamic adjustments in the nephrotic syn¬ 
drome in children (Figure 12). The validity of 
clearance measurements in the presence of nephron 
disease and at very reduced levels of renal function 
is uncertain and interpretation hazardous. With 
this reservation, further qualified by limitations of 
sampling and the necessity for protracted observa¬ 
tion, it is suggested that the initial renal insult, 
which may be of immunogenic nature (53), in¬ 
volves the entire nephron in variable degree, with 
early alteration of its functional capacities. Pre¬ 
ponderance of glomerular or tubular dysfunction 
may be observed. Initial reduction of GFR and 


FF may be contingent upon increased renal inter¬ 
stitial pressure, impaired glomerular membrane 
permeability, cortico-medullary shunts bypassing 
some glomeruli, or reduction of glomerular pres¬ 
sure. Diminished oncotic pressure would tend 
to improve glomerular filtration. Physiologic ad¬ 
justment might attend reduction of subcapsular and 
increased intra-glomerular pressures. Constriction 
of the efferent arterioles, if associated with some 
dilatation of the afferent arterioles, reduced renal 
interstitial pressure and minimal alteration of the 
glomerular membrane, could theoretically induce 
supernormal glomerular filtration. Successful ad¬ 
justment of the metabolic activities of tubular cells 
might result in diuresis and at least temporary re¬ 
mission. Recovery would follow successful, per¬ 
sistent functional reorganization of the nephron be¬ 
fore irreversible anatomic damage was established. 
Failing functional reorganization, or possibly with 
recurrent stimulation of sensitized renal tissues by 
a primary etiologic agent, gradual distortion of the 
vascular architecture and dependent nephron struc¬ 
tures characteristic of chronic renal disease might 
then initiate a vicious cycle of glomerular oblitera¬ 
tion with diminished tubule blood flow and vascular 
shimting. Relatively increased blood flow adja¬ 
cent to residual tubular tissue would thus represent 




JACK METCOFF, W. M. KELSEY, AND C. A. JANEWAY 


RELATION OF GLOMERULAR FILTRATION RATE TO EFFECTIVE TO0ULAR MASS IN 
CHILDREN WITH THE NEPHROTIC SYNDROME 
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RELATION OF RENAL PLASMA FLOW TO EFFECTIVE TUBULAR MASS IN CHILDREN 
WITH THE NEPHROTIC SYNDROME 
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dynamic rather than irreversible anatomic nephron 
damage frequently occurs. With progressive dis¬ 
ease of long duration, markedly impaired renal 
function suggested that irreversible parenchymal 
destruction gradually supersedes the earlier physio¬ 
logic changes, with culmination in renal failure. 

The primary etiologic mechanism remains un¬ 
determined ; however, the idiopathic nephrotic 
syndrome in children, whether called “pure or 
lipoid nephrosis,” “mixed nephritis,” or “nephrotic 
stage of subacute or chronic glomerulonephritis,” 
appears to be a form of nephritis in which func¬ 
tional alteration and eventual anatomical changes 
indicate that the glomerulus is a primary site of 
the disease process. With inhibition of the un¬ 
known etiologic mechanism presumably before ex¬ 
tensive anatomic damage has supervened, spon¬ 
taneous or induced remissions may proceed to ap¬ 
parent recovery. 


a spurious hyperemia and an indication of impend¬ 
ing renal failure. 

Since young children, unlike older patients, of¬ 
ten recover following the nephrotic syndrome, the 
more favorable tissue reactivity of the young or¬ 
ganism may explain the different course of this dis¬ 
ease in these two age groups. 

SUMMARY AND CONCLUSIONS 

Twenty-nine children with the nephrotic syn¬ 
drome, a fairly typical sample of 90 patients re¬ 
cently observed, have been studied by clinical, bio¬ 
chemical, and renal function techniques. 

Conventional clinical criteria frequently proved 
unreliable early in the course of the nephrotic syn¬ 
drome as indices of the functional status of the kid¬ 
ney or as guides to the subsequent course of the 
patient. The triad of anemia, acidosis, and azo¬ 
temia, when correlated with a diminished GFR, in¬ 
dicated incompetence of the nephron for biochemi¬ 
cal regulation and probable morphologic damage 
with poor prognosis. 

Fluctuating changes in GFR, RPF, and TmpAH 
during the nephrotic syndrome suggested that 
variations in these measurements are a function of 
the severity and duration, rather than type, of dis¬ 
ease. The biochemical and renal functional pat¬ 
terns indicate that reversible metabolic and hemo- 
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INTRODUCTION AND REVIEW OF LITERATURE 

The report by several investigators in 1937 and 
1938 that the paralytic attacks in the disease, per¬ 
iodic paralysis, were associated with depressed 
serum potassium values led to the conclusion that 
the disorder is the consequence of some fault in 
the regulation of serum potassium levels (1-4). 
Ample support for such a concept appeared to be 
given by other observations. Thus, depletion of 
serum potassium in various other clinical circum¬ 
stances, as in the recovery from diabetic acidosis 
and in the Addisonian patient overtreated with 
desoxycorticosterone acetate, is associated with 
flaccid paralysis. Again, it is known that hypo- 
potassemia results in cardiac arrest in diastole and 
causes impaired contractility of muscle in vitro. 
Finally, the balance studies of Danowski and as¬ 
sociates (5) showed that, in the patients they stud¬ 
ied, the attacks of paralysis were preceded by the 
movement of potassium into the intracellular phase 
and that urinary potassium excretion as well as 
the serum potassium concentration decreased. 

Talbot (6) in 1941 summarized the data con¬ 
cerning more than 400 cases of periodic paralysis. 
The disorder has been usually referred to as fa- 
milial or family periodic paralysis. It seems best 
to us as it did to Talbot to call the disease periodic 
paralysis, specifying the hereditary nature of the 
disorder when it is genetically determined, and 
referring to the other cases as sporadic, associated 
with thyrotoxicosis or in other ways specifying 
the mechanism involved where it is known, Tal¬ 
bot concluded that the syndrome probably repre¬ 
sented a clinical entity due to a single metabolic 
dysfunction. 

In our study of a kindred in which 33 individuals 

1 This study was supported in part by a grant from the 
United States Public Health Service. 


with clinically typical periodic paralysis were 
known to have occurred, we observed no striking 
hypopotassemia during attacks in the patients 
whom we studied in detail. This led us to under¬ 
take a critical review of the data dealing with this 
disorder in the literature. A poor correlation be¬ 
tween the onset and the severity of the attacks and 
the magnitude of the depression of serum potas¬ 
sium values has been noted and commented upon 
by several authors, including Talbot (6). Oc¬ 
casional instances of paralysis without depression 
of serum potassium levels have been reported (7). 
Furthermore, the levels of serum potassium found 
during attacks in patients with periodic paralysis 
usually have not been as low as those observed in 
patients who do not carry this genetic trait but who 
have hypopotassemic paralysis resulting from 
better understood metabolic abnormalities (3, 6, 8, 
9). A corollary observation is the apparent lack 
of specificity of potassium in relieving or prevent¬ 
ing the paralysis in certain patients with periodic 
paralysis in contrast to its excellent effect in the 
other metabolic hypokaliemias (1, 6, 10, 11). 

It seems probable, therefore, that periodic pa¬ 
ralysis as described in the literature is produced by 
more than one mechanism or that the serum potas¬ 
sium depletion is not the fundamental disorder. 
Such anomalies as abnormal storage of glycogen 
as well as other changes in intracellular potas¬ 
sium metabolism might be responsible for these 
vagaries of the serum potassium levels. The lack 
of complete similarity of the hereditary cases sug¬ 
gests that different genetic mechanisms are in¬ 
volved, most probably multiple mutations. These 
mutations can be understood best by studying them 
in kindreds where the expression of the same gene 
in many individuals may be observed. This dis¬ 
order, like many other human hereditary disorders 
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such as hereditary muscular dystrophy, hereditary 
blindness, hereditary deafness, etc., must be broken 
down into specific genetic entities before it can be 
analyzed and interpreted adequately. 

An examination of the genetic literature il¬ 
lustrates the diversity and variety of expression of 
periodic paralysis. The trait has been reported to 
be a dominant with skipped generations (12, 13), 
a complete dominant (14, IS), a recessive (6), and 
a sex-linked recessive (16). The gene has been 
reported as manifesting incomplete penetrance in 
females (6) and as having complete penetrance in 
both sexes (15). The expressivity may range 
from a slight recurrent weakness in one limb, as 
reported in one family (10), to paralysis so severe 
that nearly the entire body is paralyzed, in other 
families (13). Again, the paralysis may be so 
extreme in some cases as to cause death (13, 14). 

The duration of an attack in the members of 
some families may range from a few minutes to 
several days while in other families an individual 
may never be affected for more than a few hours 
(6). In certain families the attacks are rare, oc¬ 
curring once or tivice in a lifetime or two or three 
times in a year or in a decade (6). In contrast, a 
case has been reported in which the attacks oc¬ 
curred daily (17). The onset has ranged from four 
to 35 years in one family (15), was consistently at 
18 or 19 years of age in another (14) and, in yet 
another, the condition was evident in infants less 
than a year old (18). The attacks have been re¬ 
ported to cease in one family after the fourth decade 

(15). 

Periodic paralysis has been observed in associa¬ 
tion with other diseases. One family was reported 
to have migraine as well as periodic paralysis (13) 
and another family with the trait had migraine and 
muscular atrophy that developed after years of at¬ 
tacks of paralysis (19). Others report the associT 
ation of periodic paralysis with exophthalmic goiter 
(20-22). The transition of periodic paralysis to 
spinal muscular atrophy also has been described 
(23). 

Many diverse clinical observations and even 
more diverse interpretations of these findings have 
been reported. Attacks have been thought to be 
precipitated by local application of cold (17), by 
glucose (5, 6, 24, 25), by water diuresis (26), and 
by insulin (2, 24, 25). In other cases, none of 


these was effective in bringing about an attack (10, 
25,26). Potassium chloride, thyroid extract (25), 
cholinergic drugs (26), and adrenal extract (2) 
have all been used effectively and ineffectively as 
therapeutic agents. Reports concerning potassium, 
sodium, phosphate, and magnesium ion levels have 
been conflicting (1, 2, 5, 7, 10, 22, 27, 28). 

It has been postulated that the defect is related 
to the central nervous system, to the permeability 
of muscle cells, to hepatic or muscular glycogenesis 
or to a chronic deficit of potassium in the muscle 
(10, 28). 

In addition to the analysis of the genetic pat¬ 
tern in this kindred we have made certain clinical 
and laboratory studies on some of these patients. 
We have studied methods of precipitating attacks, 
the effect of administering glucose or glucose and 
insulin, the effect of exercise and of enforced rest, 
and the correlation of these factors to serum potas¬ 
sium, sodium, magnesium, phosphate and blood 
glucose levels. Gross and microscopic examina¬ 
tion of biopsy material from skeletal muscle as 
well as determination of its glycogen content also 
have been carried out. 

METHODS 

Pedigree, genetic and clinical data were secured by in¬ 
terviews with the members of the kindred. The trait 
in this kindred is of such a nature that it is readily identi¬ 
fied by the members of the families, and their reports of 
its occurrence have been consistently accurate in those 
patients whom we have examined. Where it was neces¬ 
sary to obtain information regarding individuals who are 
now dead, a check was made from as many different 
sources as possible in order to be sure that the data were 
accurate. Blood types and ability to taste for phenylthio- 
carbamide (PTC) were determined for use in linkage 
studies. 

Five patients were studied in detail on the metabolic 
ward of the laboratory. A full history, physical examina¬ 
tion and clinical laboratory investigation, as well as cer¬ 
tain special determinations as summarized in the intro¬ 
duction, were carried out. Blood glucose values were 
determined by the method of Nelson (29) on alkaline zinc- 
barium filtrates of whole blood collected in a fluoride- 
oxalate anticoagulant. Serum potassium and sodium were 
measured on a flame photometer (30). Serum magnesium 
values were estimated by the colorimetric method of 
Kunkel and coworkers (31), muscle glycogen by the 
method described by Good and colleagues (32). The 
remaining chemical and hematologic methods used have 
been described in detail in other papers of this series and 
will not be reviewed here (33, 34). 
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CLINICAL DESCRIPTION OF THE TRAIT 

The clinical manifestations of the trait as ob¬ 
served in this kindred consisted of episodes of 
weakness or flaccid paralysis. Such attacks began 
and ended insidiously. They lasted from a few 
minutes to many hours or even several days in 
rare instances. In severe attacks all of the skeletal 
muscles were involved except those of facial ex¬ 
pression, mastication, deglutition, speech, and 
respiration (diaphragm). Respiratory embar¬ 
rassment of a severe character was not observed 
in any of these patients. In milder episodes local¬ 
ized areas were sometimes involved, usually the 
large muscles of the legs, arms or back, although 
an occasional individual had attacks in which only 
local involvement of the hands occurred. The pat¬ 
tern was usually symmetrical on both sides of the 
body. The paralysis was flaccid, deep tendon re¬ 
flexes were absent and electrical excitability of the 
muscle was greatly reduced or lost. 

The attacks began most frequently in the early 
morning and not infrequently were present on 
awakening. Activity tended to decrease the de¬ 
gree of weakness present if paralysis did not pre¬ 
clude movement. On the other hand, strenuous 
exercise which was followed by complete inac¬ 
tivity very frequently initiated an episode. This 
was the most reliable manner of initiating attacks 
in the patients whom we studied. Paralysis did 
not occur while the patient continued to be ac¬ 
tive but the more strenuous the activity and the 
more complete the ensuing rest, the more probable 
it was that a severe attack would result. The pa¬ 
tients consistently reported that they could “fight 
off” an incipient attack by persistent activity. 
This, it may be noted, is the exact converse of the 
effect of activity and rest in myasthenia gravis. 

A number of other factors also appeared to play 
a role in the precipitation of attacks. A heavy 
meal or, less frequently, the ingestion of a large 
amount of carbohydrate, particularly if taken be¬ 
fore bed time, sometimes preceded an attack on 
the ensuing morning or day. No patient reported 
attacks precipitated by high carbohydrate intake 
during the preceding two hours. 

Some patients reported no difficulty from food 
ingestion regardless of amount. Still other pe¬ 
riods of recurrent severe episodes occurred without 
any apparent relation to the activities of the pa- 

/ 


tient. These were just as severe as those having 
apparent relationship to preceding exercise or other 
factors which the patient regarded as responsible 
for the attack. 

During the attacks there were no symptoms 
other than those which related to the weakness 
itself, except that during severe paralysis marked 
perspiration usually occurred. That this may 
precede the paralysis and possibly be a factor in 
its development was suggested by the drenching 
night sweats which frequently preceded morning 
attacks. One patient reported that profuse sweat¬ 
ing preceded most of his severe attacks. On the 
other hand, the profuse perspiration induced by 
heavy work in hot weather does not induce paraly¬ 
sis unless it is followed by more or less complete 
inactivity. 

The initial attacks occurred in the first year of 
life and the parents who were well acquainted with 
the disorder were able to recognize the presence 
of the trait regularly during the first months of 
life. The episodes tended to be most frequent 
during childhood and adolescence, gradually de¬ 
creasing in severity and frequency with advancing 
age although they still occurred in aged individu¬ 
als. There was a moderate degree of variability in 
the severity of the syndrome from patient to pa¬ 
tient, some being only occasionally inconvenienced, 
others having attacks of such severity that they 
must miss work on the average of one day per 
week. In the individual patient as well, a long 
period during which little trouble was experienced 
might be followed by frequently recurrent attacks 
for periods lasting a few days or many months. 
Such periods were often associated with continued 
emotional stress. 

On physical examination two observations could 
be made almost routinely even though the patient 
felt that he was normal at the time. A slight but 
definite degree of weakness was present in the 
extensors of the arms and legs which was sufficient 
to show up in sharp contrast to the good strength 
present in the flexors. These patients presented 
the appearance of muscular, hearty individuals, a 
fact which had caused certain of the male members 
no end of difficulty in dealing with the armed serv¬ 
ices where weakness in an apparently muscular 
individual is presumed to be evidence of laziness. 
The muscular appearance was particularly marked 
in the calf muscles and extensors of the arms, and 
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was indistiiiguisliahle clinically from the pseiiclo- 
hypertropliy of childhood progressive imisciilar 
dystrophy, as previously discussed by one of us 
(35). Pathologically the findings are very differ¬ 
ent from those observed in the jjseudohypertrophy 
of dystrophy, as will be de-scribed below. 

The syndrome appears in both sexes. The 
symptoms are usually more severe in the males, 
possibly i)ecause of the somewhat more vigorous 
activity in which they engage and the relationship 
of exercise to the episodes of paralysis outlined 
above. 

LAHOKATOUY STUDIES 

Xo significant laboratory abnormality has been 
observed in the five male patients whom we have 
studied in detail e.xcept for the occurrence of high 
serum uric acid levels in two. Xo history sugges¬ 
tive of gouty arthritis was obtained on these nor 
on other normal or abnormal members of the 
group. Table I is a summary of the routine and 
certain special determinations which were per¬ 
formed. The fasting serum potassium, values, 
taken at times when no significant degree of paraly¬ 
sis existed, were normal. Those presented are 
representative figures taken from a large series of 
determinations, none of which was abnormal. 
The normal creatinine excretion values are con¬ 
sistent with the apparently normal muscle mass. 
Creatine excretion was insignificant. Volumes of 
packed red cells ranging about 50 per cent cor¬ 
respond to normal male values for this area which 
is over 4,000 feet above sea level. 


The results of some of our attempts to induce 
attacks by the administration of glucose or glucose 
and insulin are summarized in Table II. None of 
these was successful in producing a significant 
change in the degree of disability present at the 
start of the tests although serum potassium levels 
of about 3.1 meq./L were observed on several 
occasions. 

Simultaneous urine collections showed a marked 
drop in the e.xcretion of potassium, as is regularly 
observed during the hypopotassemia following 
carbohj'drate or insulin administration. Thus the 
metabolic picture observed by Danowski has been 
reproduced without precipitating an attack of 
paralysis. The time relationships are shorter 
which possibly is a significant factor in the prob¬ 
lem, No e.xactly similar experiments have been 
carried out in other cases of periodic paralysis as 
far as the authors are aware and we have not had 
an opportunity up to the present to duplicate the 
observation in a patient showing definite hypo¬ 
potassemia during spontaneous attacks. It is note¬ 
worthy, however, that in nearly all of the pre¬ 
viously reported patients in whom carbohydrate 
or insulin appeared to have been related to attacks, 
the paralysis developed after a delay of six or more 
hours and not at the time of maximum hypopotas¬ 
semia. We observed no significant increase in at¬ 
tacks of paralysis in our patients during the 24 
hours following these experiments. 

Glucose tolerance was certainly not impaired in 
any of these tests. The rather low 30 and 60 min- 


TABLE I 


Serum, whole blood and urine studies in hereditary periodic paralysis 



G. D. K. 

Bu. R. 

BI. R. 

T. K. B. 

' M. M. B. 


10 

19 

22 

23 

27 



Male 

Male 

Male 

Male 

Potassium, meq./L 

5.7 

4.2 

4.0 

4.2 

4.0 

Sodium, meq./L 


144 

141 

138 

144 

Magnesium, meq./L 



2.0 


2.1 

Calcium, meq./L 




( 5.3 

5,5 

Phosphate, mg./lOO ml. as P 


1 

1 4.5 

1 3.3 : 

3.1 

CO 3 combining power, mM./L 


25.0 


26.3 1 

26.1 

Chloride, meq./L 

104 

107 



103 

Uric acid, mg./IOO ml. 


7.8 

5.5 

7.9 

4.8 

Total protein, gms./lOO ml. 

Albumin, gms./IOO ml. 


8.9 

7.5 


7.9 


6.6 

5.2 


5.9 

Fasting blood sugar, mg./IOO ml. ! 

78 

70 ! 

72 

72 

64 

Blood urea nitrogen, mg./IOO ml. 

Routine clinical urine examination 

10 

Normal 1 

12 1 
Normal I 

15 

Normal i 

14 

12 

Normal 

Creatinine, mg./2-l hrs. urine 

734 1 

1,525 1 

1,366 

Normal j 

1,459 

Creatine, mg./24 hrs. urine as creatinine 

70 

200 

0 ' 


73 

Hct., % RBC 

42 

52 

54 1 

49 1 

47 

WBC in thousands/mm.* 

9.0 

6.8 

8.6 

8.3 

7.4 
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TABLE 11 


Blood sugar, serum potassium and scrum phosphate values after oral or I.V. administration of 

glucose with or without insulin 


Patient and procedure 

Time in minutes. 

0 

30 

60 

90 

120 

ISO 

ISO 

2-10 


Blood glucose, mg./lOO ml. 

74 

234 

48 

39 


62 



T. K. B. 

Serum potassium, meq./L 

4.2 

4.1 

4.1 

4.1 


3.9 



96 gms. glucose 

Serum sodium, meq./L i 

140 

134 

137 

138 


137 



I.V. 

Serum phosphate, mg./lOO 










ml. as P i 

3.7 

2.8 

3.0 

3.1 


3.8 




Blood glucose, mg./lOO ml. 

72 

79 

88 

72 

85 


68 

82 

T. K. B. 

Serum potassium, meq./L 

4.7 

3.6 

3.6 

3.7 

3.7 


4.2 

4.0 

100 gms. glucose 

Serum phosphate, mg./lOO 









orally 

ml. as P 

4.2 

3.5 

3.5 

3.6 

3.7 


3.9 

3.9 


Blood glucose, mg./lOO ml. 

53 

207 

164 

76 

34 


57 

62 

M. M. B. 

Serum potassium, meq./L 

4.8 

4.0 

3.5 

3.5 

— 


3.5 

3.7 

100 gms. glucose 

Serum phosphate, mg./lOO 

1 








I.V. 

ml. as P 

3.4 

3.1 

3.1 

3.4 

4.0 


4.3 

4.4 


Blood glucose, mg. % 

64 

107 

76 

67 

82 


72 

77 

M. M. B. 

Serum potassium, meq./L 

4.0 

4.1 

4.5 

4.4 

4.1 


3.7 

4.4 

200 gms. glucose 

Serum sodium, meq./L 

144 

143 

142 

142 

142 


141 

139 

orally 

Serum phosphate, mg./lOO 










ml. 

3.6 

3.2 

3.1 

3.2 

3.3 


3.5 

3.6 


Blood glucose, mg./lOO ml. 

72 

170 

52 

54 



74 


Bl. R. 

Serum potassium, meq./L 

3.8 

3.4 

3.7 

3.9 



4.3 


35 gms. glucose 

Serum phosphate, mg./lOO , 









I.V. 

ml. as P 

3.6 

3.4 

3.6 

3.5 



4.1 



Blood glucose, mg./lOO ml. 

106 

141 

86 

80 


64 



BI. R, 

Serum potassium, meq./L 

3.9 

3.6 

3.1 

3.4 


3.7 



100 gms. glucose and 

Serum magnesium, meq./L 

2.0 

1.9 

1.6 

1.9 


1.9 



25 units insulin I.V. 

Serum phosphate, mg./lOO 










ml. as P 

4.6 

3.9 

3.6 

3.8 


4.3 




Blood glucose, mg./lOO ml. 

70 

187 

14 

25 

39 

53 

57 


Bu. R. 

Serum potassium, meq./L 

3.7 

3.1 

3.1 

3.1 

3.4 

3.6 

4.2 


200 gms. glucose and 

Serum phosphate, mg./IOO 









30 units insulin I.V. 

ml. as P 

5.0 

3.2 

3.4 

3.3 

3.8 

4.3 

4.7 



ute blood glucose levels after oral administration 
might suggest either impaired absorption or in¬ 
creased glucose tolerance. Intravenous glucose 
tolerance tests using one-half gram of glucose per 
kilogram of body weight showed normal curves in 
three patients and no other evidence of altered 
carbohydrate metabolism could be obtained. Dur¬ 
ing episodes of mild and severe paralysis we have 
obtained repeated serum samples which have been 
analyzed for sodium, potassium, and magnesium, as 
well as a number of other substances. All of these 
values have been consistently normal. A few are 
presented in Table III; the values during attacks 
are those obtained at the time paralysis was most 
severe. 

Additional comment about the serum potassium 
values seems in order because of the many previous 
observations of depressed levels. On two occasions 
we have obtained multiple samples at approxi¬ 


mately 15 minute intervals during artificially in¬ 
duced attacks (exercise followed by enforced rest). 
The serum potassium values on these occasions 
varied over a narrow range (0.4 meq.) and showed 
no consistent pattern or correlation to the degree 
of paralysis at the time the serum was obtained. 
Electrocardiograms taken during the attacks 
showed no change from the control tracings. 

We have observed no values below 3.5 nieq./L 
except in association with the glucose-insulin in¬ 
fusions. All of the values were in the same range 
as observed in normal individuals in our laborato'ry- 

Oral therapy with potassium chloride, either 
prophylactically or during an attack, failed to in¬ 
fluence the course of the disorder. However, we 
have not had the opportunity to observe the effect 
of potassium given orally or intravenously during 
an episode of severe paralysis of more than about 
one hour’s duration, and the possibility, albeit im- 
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probable, exists that the effect might be different 
under such circumstances. Actually all of the 
group who have taken potassium prophylacticaliy 
by mouth dislike the medication and report that 
they, have experienced just as many and as severe 
attacks while receiving such therapy as at other 
times. In addition, a number have experienced 
nausea, dizziness, and a vague lack of well-being 
while taking potassium, and ail have discontinued 
it within a few weeks of its first administration. 


pathology 

Three patients submitted to biopsy of their en¬ 
larged gastrocnemius muscle mass. Grossly the 
muscles appeared essentially normal, contracted 
on mechanical stimulation, and showed no evidence 
of fatty replacement or of fibrosis. 

Microscopically, characteristic degenerative 
changes were recognized in the muscle of all three 
patients hut the degree of change varied widely. 
In the sample which showed the slightest degree 
of alteration, most of the fibers were well preserved 
and their strial markings were dearly defined but 
their diameters exhibited greater than normal vari¬ 
ation. Some fibers were unusually slender and 
were stained more strongly with eosin than were 
the fibers of normal size. Irregular clusters of 
nuclei appeared along the more slender portions 
and, in a few foci, appeared to replace the sub¬ 
stance of fibers. In other places, portions of fibers 
were missing and the spaces were partly filled by 
pycnotic nuclei, monocytes, polymorphonuclear 
neutrophils, fibrocytes and a few well preserved 
muscle nuclei. The most characteristic feature 
was the presence of vacuoles near the centers of 


a few fibers and appearing at sites of fusiform 
enlargement (Figure 1). The largest of these were 
round, fusiform or oval, occupied the entire diam¬ 
eter of the liber and were limited laterally only by 
sarcolemina. The smaller spaces appeared to 
arise within sites of basophilic degeneration where 
longitudinal and transverse striae were absent 
and acidophilic grannies appeared. The vacuoles 
occurred as multiple foci of rarefaction, sometimes 
lined up along the axis of the fiber like a string 
of beads. The larger vacuoles, apparently formed 
by coalescence of several small ones, often con¬ 
tained acidophilic granules and occasionally were 
filled with latntiy basophilic coarse granules. A 
few contained one or two pycnotic nuclei. 

In the sample of muscle exhibiting the most ad¬ 
vanced degree of degeneration, very few muscle 
fibers appeared normal although many retained 
their striae. Irregularly swollen, hyalinized fibers 
alternated with degenerated fibers containing vacu¬ 
oles of all sizes and shapes. Areas of segmental 
disintegration were often associated with an in¬ 
creased number and pycnosis of nuclei. Some 
portions of fibers were represented by amorphous 
acidophilic debris. 

Frozen sections stained with Sudan IV and 
hematoxylin failed to show abnormal quantities 
or distribution of lipids. 

Sections of muscle, fixed in absolute alcohol and 
stained by Best’s carmine method, showed marked 
irregularity of distribution of glycogen granules. 
Many coarse granules were found in those por¬ 
tions of the fibers which appeared swollen and de¬ 
generated. Some of the vacuoles contained amor¬ 
phous masses and coarse granules which were 
carmine-positive but many of the vacuoles were en¬ 
tirely empty or contained unstained debris. 

Two of the biopsy specimens were anal3'zed for 
total glycogen content. The values, together with 
those of two control specimens from human ma¬ 
terial, are listed in Table IV. It will be noted that 
all of the values fall within the normal range for 
muscle glycogen. 

TABLE IV 




Glycogen content of 77iiiscle 


Ciycogen as gms. 
glucoae/IOO gms, 
tJfsue 


M. M.B, Gastrocnemius 3*0J 

Bu. R. Gastrocnemius 0.46 

Control I Rectus Abdominus 1,33 

Control 2 Rectus Abdominus 0.76 
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Fig. la. 



Fig lb. 



Fig 1 Three Photomicrographs Illustrating the 
Microscopic Ch \nces Found in Biopsy Specimens from 
the Gastrocnemius Muscle 

Note the central location of the vacuoles in (a) both in 
longitudinal and cioss sections and the irregular size of 
the muscle fibers The more extensive changes in (b) 
and (c) aie apparent, some fibers showing almost com¬ 
plete replacement The sections were stained with he¬ 
matoxylin and eosin and are magnified about 78 diameters. 

FAMILY HISTORY 

Figure 2 is a pedigree chart of the kindred re¬ 
ported in this study. I-l and 1-2 migrated to Utah 
in 1854. They had three daughters (II-l, 2, 3). 
II-l died at the age of 13. III-S and 9, daughters 
of II-3, state that their mother was affected with 
periodic paralysis and that she told them that her 
mother (I-l) and sister (II-2) were also affected. 
II-2 had five children all of whom are now dead. 
Interviews with their children, or with other mem¬ 
bers of the family who were in a position to know 
of their condition, indicated that none of the five 
children nor their descendants was affected with 
periodic paralysis. The condition of II-l is not 
known. 
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Fig. 2. Pedigree Chart of Kindred 
Note that only affected individuals transmit the trait. 


The husband of II-3 was a polygamist. He had 
ten children by his second wife (II-5) none of 
whom was affected with periodic paralysis. With 
the exception of I-l and II-2, all of the known 
cases of periodic paralysis in this kindred descended 
from II-3. Nearly all members of the kindred are 
now living in Utah. 

INHERITANCE 

Examination of Figure 2 shows that the trait 
is transmitted through one family line and that it 

TABLE V 


Segregation of children of 16 individuals affected 
with periodic paralysis 


Family 

Affected 

Normal 

Condi¬ 
tion un¬ 
known 

Genera¬ 

tion 

Number 

Male 

Female 

Male 

Female 

I 

1 


2 

__ 

_ 

1 

II 

2 

_ 

_ 

4 

1 


11 

3 

_ 

3 

2 

4 


III 

6 

_ 

1 

1 

— 


III 

8 

1 

3 

3 

2 


IV 

2 

1 

3 

3 

— 


IV 

17 

1 


1 

2 


IV 

18 

2 

_ 

_ 

3 


IV 

22 

2 

1 

_ 

-- 


V 

5 

1 

2 

_ 

2 


V 

8 

1 

1 

2 

1 


V 

10 

_ 

1 

— 

3 


V 

17 

3 


_ 

— 


V 

30 


1 

_ 

— 


VI 

3 

_ 

1 

_ 

1 


VI 

6 

— 

1 

1 

— 


Totals 


12 

20 

17 

19 

1 


never occurs in a child unless it has also occurred 
in a parent. Table V shows the numbers of nor¬ 
mal and affected individuals by sex in the families 
in which the trait occurred. It includes all of the 
known offspring of individuals who have periodic 
paralysis in this kindred. Table VI compares the 
totals of Table V to the expected results if the 
trait is inherited as a dominant with complete 
penetrance. 

It is apparent that the trait occurs in approxi¬ 
mately the same frequency in males and females 
and that approximately one-half of the children of 
an affected parent show the trait. This suggests 
that in this kindred, periodic paralysis is attribut¬ 
able to a simple dominant gene having complete 
penetrance. The deviation from the expected inci¬ 
dence is very slight. Since no two individuals 
showing the trait and no two relatives have mar¬ 
ried, affected individuals must be presumed to be 
heterozygous (Pp). The crosses, therefore, which 
have produced affected children, are back crosses 
(^Pp X pp) and should produce one-half affected 
and one-half normal children. Since we have no 
homozygous individuals, there is no way of deter- 


TABLE VI 

Statistical comparison of data on this kindred with the 
theoretic behavior of a dominant trait 



Observed 

Calcu¬ 

lated 

Devia¬ 

tion 

S.E. 

D./S.E. 

Affected 

Normal 

32 

36 

34 

34 

2 

4.123 

.485 
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mining whether or not the dominance is complete. 
It is possible that the trait would be expressed 
differently in the homozygous condition. 

Blood samples have been taken and determina¬ 
tions made for A, B, M, N and the various Rh 
antigens. Taste reactions to PTC were also de¬ 
termined. It was possible to obtain data from 
nearly all of the families segregating for paralysis* 
who are now living. The data, however, were in¬ 
sufficient to warrant any conclusion regarding 
linkage relationships. 

EUGENIC IMPLICATIONS 

In this kindred, periodic paralysis can be de¬ 
tected readily by members of the families con¬ 
cerned. Each individual showing the trait is 
heterozygous and stands an equal chance of trans¬ 
mitting or not transmitting it to each of his chil¬ 
dren. The trait can be eliminated only if each af¬ 
fected individual refrains from having children. 
Unaffected individuals do not transmit the trait. 

DISCUSSION 

A number of unanswered problems remain con¬ 
cerning the disorder which we have observed in 
this group of people. Clinically the process is 
nearly identical with previously described cases 
of periodic paralysis whether hereditary or ap¬ 
parently sporadic. On the other hand, the failure 
to demonstrate any relationship of the attacks of 
paralysis to serum electrolyte concentrations, par¬ 
ticularly the absence of hypopotassemia, sets the 
group apart from the best studied cases reported 
in the literature. Were it not for the defects which 
were discussed earlier, in the concept that serum 
potassium depletion is the fundamental mechanism 
leading to the paralysis in other cases, it might be 
concluded that we have been dealing with an en¬ 
tirely different disorder. This is hardly justified, 
however, in the light of the variability of the 
previously reported cases and the clinical indistin- 
guishability of this syndrome from them. It is 
possible that all types of periodic paralysis are due 
to a single pathogenetic mechanism the nature of 
which has not been identified. However, the evi¬ 
dent hypopotassemia seen in other patients makes 
this rather improbable, and therefore it is more 
likely that there are two or more types of periodic 
paralysis. 


The frequently reported relationship of at¬ 
tacks to carbohydrate ingestion led us to postulate 
the possibility of some abnormality in the immedi¬ 
ate availability of glycogen in muscle for the pro¬ 
duction of energy. Our studies to date have yielded 
no evidence to confirm such a theory; instead they 
have only served to emphasize the poor relation¬ 
ship between carbohydrate administration and at¬ 
tacks in this kindred. 

The unusual pathologic picture of vacuolization 
of muscle fibers has been observed before, as far 
as we are aware, only in acute traumatic or in¬ 
fectious injury of muscle or in experimental ob¬ 
struction of the deep lymphatics. The lack of in¬ 
flammatory cells or evidence either clinically or 
pathologically of lymph stasis in these patients is 
not consistent with such an explanation here, how¬ 
ever. A somewhat similar but more severe lesion 
has been observed in glycogen storage (von 
Gierke’s) disease in children. The possibility that 
the disorder which we have described represents a 
related phenomenon in which only the muscle was 
involved seemed reasonable. However, our in¬ 
ability to demonstrate excess total glycogen or 
microscopic distribution of glycogen in the muscle 
fiber characteristic of that disorder makes this 
highly improbable. 

The clean-cut genetic pattern of dominant in¬ 
heritance with complete penetrance which we have 
found is in contrast to the findings in some of the 
previously reported families. This would appear 
to be additional evidence of the multiple character 
of the genetic mechanisms which result in the clin¬ 
ical syndrome of periodic paralysis. However, as 
we have emphasized previously (36), it is diffi¬ 
cult to obtain reliable genetic data unless many of 
the normal and abnormal individuals are exam¬ 
ined. In many published reports this was not 
done, 

CONCLUSIONS 

1. A study of periodic paralysis occurring in 33 
individuals in seven generations of a single kindred 
is reported. 

2. Clinically the disorder begins in infancy with 
recurrent attacks of weakness or flaccid paralysis. 
Some extensor weakness and enlargement of mus¬ 
cles is evident at all times. 

3 The attacks are most consistently produced 
by vigorous exercise fo//owed by complete rest. 
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4. No correlation of the attacks with the serum 
potassium or other electrolyte concentrations 
could be established. 

5. An unusual pathologic picture of vacuoliaa- 
tion of scattered muscle fibers was found in biopsy 
material. Neither fat nor glycogen could be dem¬ 
onstrated in the vacuoles and it is presumed that 
they contained only edema fluid. 

6. The pattern of inheritance is that character¬ 
istic of a simple mendelian dominant trait with 
complete penetrance. 
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INTRODUCTION 

r 

The regulation of breathing during muscular 
exercise has been the subject of niuch work and 
speculation. Most of the experience has been 
gained with subjects in good physical training. 
In general, blood chemical changes in these sub¬ 
jects have not been great during exercise, and it 
las been, difficult to account for the amount of 
ventilation on the basis of these changes and other 
known respiratory stimulants. The present study 
was done on untrained subjects in only fair physi¬ 
cal condition. It seemed likely that the coordina¬ 
tion of various respiratory drives would be less 
smooth in untrained subjects than in trained per¬ 
sons, so that the part played by different stimuli 
might become more obvious. The conduct of such 
studies has been simplified by the recent develop¬ 
ment of techniques for recurrent sampling of ar¬ 
terial blood during the course of exercise. Nearly 
all past studies have had to rely on indirect means 
of estimating arterial blood changes. 

METHODS 

The subjects were 11 male physicians and medical stu¬ 
dents in normal health but not in physical training. They 
ranged in age from 22 to 35 years and in surface area 
from 1.86 to 2.12 sq. m. They were not fasting and came 
to the experiment directly from their work. Arterial 
blood samples were taken from the brachial artery 
through an in-lying Cournand needle attached by flexible 
plastic tubing to a series of three way stopcocks. Blood 
was taken into syringes wet with heparin. For pH deter¬ 
minations, sodium fluoride was added as a preservative. 
The syringes were capped and stored in ice water. 
Analyses were completed within two to four hours. The 
subjects breathed through a Douglas valve into a re¬ 
cording spirometer. For determination of oxygen con¬ 
sumption the expired air was diverted into a Douglas bag. 
Gas mixtures other than air were supplied to the inspira- 

^ This work was supported by grants from the Life In¬ 
surance Medical Research Fund and the Anna H. Hanes 
Memorial Fund. 

®U. S. Public Health Service Postdoctorate Research 
Fellow. 


tory side of the system from large Douglas bags. These 
mixtures consisted of 15% 0- in N,, tank oxygen (99.5%), 
and 5% COj, 21% O. in N.. Resting measurements were 
made with the subject seated. Ventilation was also meas¬ 
ured with the subject standing, just before exercise. Ex¬ 
ercise was carried out in an airconditioned room at 25° C. 
on a treadmill at a speed of 5.1 miles per hour on a 3.5% 
grade. For most of the subjects this exercise rate was 
fairly severe. Oxygen consumption, measured in eight 
subjects about five minutes after beginning exercise, was 
2,290±90 cc./min. (range: 1,760 — 2,610). Ventilation 
was recorded continuously and is expressed as ventilation 
at room temperature (25 ±1° C.).^ Arterial blood sam¬ 
ples were taken at points during the breathing of various 
gas mixtures, at rest and exercise, when it became evi¬ 
dent from the respiratory tracing that the ventilation rate 
had been nearly steady for at least 30 seconds. The sub¬ 
jects were studied on two separate days, one of which 
was devoted to the effects of the carbon dioxide mixture, 
and the other to the effects of the various oxygen mixtures. 

Respiratory gas analyses were done with the Haldane 
apparatus or with a Pauling oxygen meter. Arterial 
blood oxygen content and per cent oxygen saturation 
were determined by a spectrophotometric method (1). 
The pH of whole blood was measured with a Cam¬ 
bridge Model R pH meter equipped with an inclosed glass 
electrode. Measurements were made at room tempera¬ 
ture, usually 25-26° C., and the result was corrected to 37° 
C. by Rosenthal’s factor (2). This temperature was ar¬ 
bitrarily chosen for all pH measurements on arterial 
blood. pH determinations were made in duplicate in 
nearly every case, and duplicate determinations agreed to 
within 0.02 pH units or less. The stability of the in¬ 
strument was checked with a pH 4.00 acid phthalate buf¬ 
fer or a pH 7.01 phosphate buffer between each reading. 
The carbon dioxide content of whole blood was determined 
by the method of Van Slyke and Neill (3), and the plasma 
carbon dioxide content was estimated from this value and 
from the pH and hemoglobin by the line chart of Van 
Slyke and Sendroy (4). From the pH and COj content 
of arterial plasma at 37° C, the CO- tension of arterial 
blood was calculated by the Henderson-Hasselbalch equa¬ 
tion. For the calculation of CO, tension at 37° C., pK' 
was taken to be 6.11, as found by Dill, Daly and Forbes 
(5). Where the method was evaluated, as described be¬ 
low, by equilibration of blood in a tonometer at 38° C., a 
pK' value of 6.10 was used, as determined for this tem¬ 
perature by Hastings, Sendroy, and Van Slyke (6). 

The determination of CO, tension by this indirect means 

3 Range of barometric pressure; 747-757 mm. Hg. 
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depends upon several measurements and calculations, of 
which pH determination and temperature correction seem 
most liable to error. The validity of the procedure was 
therefore tested by equilibrating blood samples in tonom¬ 
eters with a variety of COa tensions at 38° C. The 
actual CO» tension or “direct tension" was determined by 
Haldane analysis of the gas mixture in the tonometer. 
The blood was then removed from the tonometer, cooled 
to room temperature, and determination of “indirect COj 
tension" carried out as described above, except that pH’s 
were corrected to 38° C. In this way, 23 comparisons 
were made between direct and indirect CO 3 tensions. 
The direct tensions ranged from 19.5 to 58.1 mm. Hg, and 
the corrected direct pH’s from 7.59 to 7.13, The per cent 
oxygen saturation of these bloods was between 70 and 
100% in 13 instances, and between 25 and 70% in the 
remainder. The mean indirect CO^ tension exceeded the 
direct by 1.62 mm. Hg, with a standard deviation of 2.03, 
and a standard error of 0.42. This difference, though 
small, was significant (P<.01). In addition, a com¬ 
parison of indirect arterial CO, tension with alveolar 
CO 2 tension was made in 17 instances. The alveolar 
airs were collected during rest and exercise with the 
variations in technique for these conditions described 
by Dill and colleagues (7, 8 ), and also during hy¬ 
perventilation on air and various CO 3 mixtures. Al¬ 
veolar airs do not provide a satisfactorily exact check 
on arterial CO 3 tensions, but the comparison was thought 
to be required by the possibility that changes in the blood 
during strenuous exercise might seriously invalidate the 
corrections made in the indirect measurement of CO 3 
tension. The alveolar tensions ranged from 17.9 to 76.7 
mm. Hg, and the blood pH’s from 7.59 to 7.15. The mean 
indirect arterial CO 3 tension exceeded the alveolar ten¬ 
sion by 1.6 mm. Hg, with a standard deviation of 3.7. 
The difference was not significant. These agreements 
seem satisfactory. It is not clear why the indirect CO 3 
tension is significantly greater than the direct. It seems 
most probable that the error lies in measurement of blood 
pH. The difference could be caused by a mean error of 
approximately .02 units below the true value. The devi¬ 
ations between direct and indirect COj tensions were not 
more marked at extreme pH ranges than at more ordinary 
values. This is of importance because Rosenthal’s temper¬ 
ature coefficient for whole blood was established for a pH 
range of 7.25 to 7.45, while the temperature coefficient of 
serum has been found to vary considerably at extreme pH 
ranges ( 6.6 and 7.8) (5). The present results indicate 
that Rosenthal’s coefficient for human whole blood can 
satisfactorily be extended over the pH ranges encountered 
in this study. 

RESULTS 

The data on each subject relating respiratory 
volume to arterial blood measurements at rest and 
exercise and during the breathing of various gas 
mixtures are presented in Tables I and II. 


Resting arterial blood 

The mean values for resting arterial blood are 
presented in Table III. Of the 11 subjects, ar¬ 
terial blood was obtained from one on only a single 
occasion, and from two subjects on three occasions. 
In the remaining eight, samples were taken during 
two separate trials. In determining mean values 
each subject was given equal weight. The arterial 
oxygen saturation is within the general range of 
recent reports by Comroe and Walker (97.5%) 
(9), Wood and Geraci (97.9%) (10), and Drab- 
kin and Schmidt (98,6%) (11). The pH is some¬ 
what lower than that found for arterial blood by 
Dill, Edwards, and Consolazio (12) (7.40) and 
by Dill and associates (7.39) (13), but higher 
than that reported by Barr, Himwich, and Green 
(7.30-7.36) (14). The CO„ tension is slightly 
higher than that reported by Dill and colleagues 
(41.0, 40.9) (12, 13), higher than that of Lilien- 
thal and coworkers, by Riley’s direct method 
(37,8) (15), dose to that of Galdston and Wol- 
lack (42 direct, 44 indirect) (16), and less than 
that of Barr and colleagues (44-^5) (14). As 
noted above, the mean CO 2 tension is probably 
about 2 mm. Hg too high, and the pH .02 units too 
low. In addition, the values are probably affected 
by the small dead space of the respiratory appa¬ 
ratus, and are almost certainly affected by the fact 
that the subjects were not in a basal state, but came 
to the experiment directly from their daily activi¬ 
ties. Under these conditions the variability in pH 
and CO 2 tension among normal subjects was quite 
striking. 

Arterial blood changes during exercise 

The present observations are not directly com¬ 
parable to many of those reported in the literature 
for the reason that the exercise period was too 
short in most cases for the subject to reach a steady 
state. In addition, the subjects were untrained, 
and the exercise accordingly varied in its relative 
severity. For some subjects it was severe enough 
to preclude reaching a steady state. 

The arterial blood oxygen capacity rose in all 
subjects, the mean increase being 6%. This is 
within the general range previously reported (8, 
14^ 17-19). The increase had reached nearly its 
full value after three minutes of exercise. The 
per cent oxygen saturation gradually declined dur- 
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TABLE I 

Effect of 5% COi during exercise 


Subject, 

Surfao; 

area 

State 

Inspired 

mixture 

Time on 
mixture 

Ventilation 

% Arterial Ox 
saturation 

Arterial 
scrum CO, 

Arterial pH 

Arterial COa 
tension 

(ig. mO 




(l./mm.,25<‘C.) 


(toi. %) 


(mm. 

R. 

Rest 

Air 


6.1 

95.8 

53.2 

7.41 

38 

1.93 


5% COi 


9.6 

98.4 

57.1 

7.34 

47 


E.\ercise 

Air 


51.4 

95.9 

42.9 

7.26 

37 



5% CO, 


81.8 

95.8 

46.2 

7.19 

S3 



Air 

1:50 

78.6 

94.2 

34.5 

7.20 

39 

R. 

Rest 

Air 


6.4 

97.5 

53.5 

7.38 

41 

1.86 


5% CO, 

1:50 

22.6 

99.6 

56.2 

7.32 

•49 


Exercise 

Air 

2:45 

71.1 

98.8 

40.7 

7.29 

38 



5% CO, 

1:10 

122.0 

98.2 

47.7 

7.13 

62 



Air 

0:54 

84.0 

97.8 

34.5 

7.21 

38 

M. 

Rest 

Air 


9.7 

99.3 

51.0 

7.38 

39 

1.90 


5% CO, 

2:00 

11.5 

98.7 

54.4 

7.29 

SO 


Exercise 

Air 

3:50 

58.0 

97.1 

43.3 

7.20 

49 



5% CO, 

1:27 

87.0 

97.4 

49.6 

7.13 

65 



Air 

1:00 

67.0 

97.5 

40.3 

7.23 

42 

K. 

Rest 

Air 


6.5 

98.2 

58.1 

7.38 

44 

1.88 


S%CO, 

2:00 

17.5 

99.7 

60.1 

7.32 

52 


Exercise 

Air 

4:00 

40.3 

97.8 

48.5 

7.29 

45 



5% CO, 

2:00 

72.7 

99.1 

53.1 

7.19 

61 



Air 

2:10 

51.1 

97.8 

45.1 

7.27 

43 

D. 

Rest 

Air 


15.9 

99.4 

52.6 

7.50 

31 

2.12 


S% CO, 

1:50 

16.8 

99.2 

59.5 

7.34 

49 


Exercise 

Air 

3:40 

49.4 

95.1 

51.9 

7.29 

48 



5% CO, 

1:00 

66.0 

96.8 

SS.9 

7.14 

71 



Air 

2:10 

65.0 

94.0 

44.6 

7.21 

49 

L. 

Rest 

Air 


8.3 

98.4 

56.7 

7.35 

46 

1.95 


5% CO, 

2:00 

15.2 

98.7 

61.3 

7.25 

62 


Exercise 

Air 

3:45 

42.0 

97.0 

51.5 

7.20 

58 



5% CO, 

1:15 

57.0 

97.5 

53.2 

7.10 

73 



Air 

1:50 

59.7 

95.6 

42.8 

7.13 

56 

C. 

Rest 

Air 


6.3 

98.4 

56.4 

7.36 

45 

1.92 


5% CO, 

1:50 

10.7 

98.8 

60.6 

7.29 

56 


Exercise 

Air 

3:30 

44.3 

98.3 

53.2 

7.31 

47 



5% CO, 

1:45 

81.5 

98.5 

57.6 

7.22 

62 



Air 

1:00 

51.0 

97.8 

50.0 

7.32 

43 


Rest 

Air 


7.6 

97.4 

55.7 

7.35 

45 



S%CO, 

2:45 

17.6 

99.2 

59.9 

7.31 

53 

G. 

Rest 

Air 


9.1 

98.9 

60.7 

7.40 

44 

2.04 

Exercise 

5% CO, 

1:45 

14.0 

99.1 

63.1 

7.33 

53 


Air 

3:15 

47.0 

96.9 

52.7 

7.28 

50 



5% CO, 

1:00 

58.0 

97.5 

58.7 

7.19 

67 



Air 

1:10 

52.4 

96.1 

53.0 

7.27 

51 

S. 

Rest 

Air 


7.1 

97.8 

56.4 

7.37 

44 

1.89 

Exercise 

5% CO, 

1:50 

22.2 

98.9 

59.2 

7.32 

51 


Air 

3:27 

37.4 

97.3 

52.7 

7.34 

43 



5% CO, 

1:20 

72.5 

97.6 

59.9 

7.20 

67 



Air 

1:03 

49.9 

97.4 

51.4 

7.27 

49 

T. 

Rest 

Air 


6.9 

96.7 

57.5 

7.36 

46 

2.04 

Exercise 

S% CO, 

1:45 

11.8 

98.9 

61.8 

7.29 

57 


Air 

3:15 

30.0 

96.8 

58.S 

7.29 

54 



5% CO, 

1:02 

27.3 

97.2 

64.0 

7.19 

73 



Air 

1:50 

31.0 

98.1 

57.8 

7.29 

53 


Rest 

Air 


5.9 

97.7 

58.6 

7.36 

47 


Exercise 

Air 

4:10 

20.5 

93.1 

57.8 

7.23 

61 




2:05 

34.8 

97.3 

60.6 

7.15 

75 



Air 

2:46 

36.0 

95.8 

53.6 

7.22 

58 
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TABLE II 

Effect of 15% 0% and tank Ot during exercise 


Subject 

State 

Inspired 

mixture 

Time on 
mixture 

Ventilation 

% Arterial Oj 
saturation 

Arterial 
serum COi 

Arterial pH 

Arterial COi 
tension 





(l./min., 25° C.) 


(roL %) 


(mm. He) 

H. 

Rest 

Air 


8.9 

99.4 

51.6 

7.38 

39 


Exercise 

Air 

2:50 

66.6 

97.7 

43.5 

7.28 

41 



15% Oi 

0:54 

94.8 

86.9 

37.2 

7.27 

36 



Air 

1:25 

87.4 

95.4 

33.1 

7.15 

41 


^Exercise 

Air 

8:00 

84 







100% Oe 

1:15 

70 





R. . 

Rest 

Air 


7.6 

97.6 

55.0 

7.37 

43 


Exercise 

Air 

3:00 

72.0 

98.0 

43.4 

7.23 

46 



15% Os 

1:00 

97.0 

86.9 

38.1 

7.21 

42 



Air 

1:10 

72.0 

95.4 

36.5 

7.16 

45 



100% Oo 

1:30 

63.0 

1 

100.0 

36.4 

7.18 

43 

M. 

Rest 

Air 


12.7 

99.2 

52.1 

7.44 

35 


Exercise 

Air 

2:40 

65.0 1 

98.0 

44.4 

7.32 

38 



15% O 2 

1:24 

84.0 

89.4 

39.4 

7.31 

35 • 



Air 

1:10 

73.0 

97.3 

40.7 

7.25 

41 



100 % O 3 

1:10 

49.0 

100.0 

38.2 

7.20 

43 

K. 

Rest 

Air 


8.3 

99.4 

54.6 

7.32 

47 


Exercise 

Air 

1:36 

69.1 

99.1 

48.8 

7.27 

47 



15% O 2 

1:15 

63.0 

86.7 

41.8 

7.25 

42 



100% Oa . 

1:24 

64.0 

100.0 

40.0 

7.19 

46 



Air 

1:15 

70.6 

94.5 

38.4 

7.23 

40 

D. 

Rest 

Air 


13.9 

98.7 

51.3 

7.42 

36 


Exercise 

Air 

3:36 

40.7 

96.2 

50.5 

7.23 

53 



15% O 2 

1:20 

61.2 

78.0 

46.5 

7.22 

54 



Air 

1:15 

53.5 

95.8 

43.7 

7.17 

52 



100% O 2 

1:27 

49.9 

100.0 

44.5 

7.14 

57 

L. 

Rest 

Air 


6.6 

98.3 

57.9 

7.33 

49 


Exercise 

Air 

3:36 

40.0 

i 97.1 

52.6 

7.26 

52 



15% Oz 

1:46 

40.0 

‘ 88.7 

49.8 

7.24 

51 



Air 

1:57 

48.0 

i 96.0 

49.2 

7.21 

54 



100% O 2 

1:46 

43.0 

100.0 

48.6 

7.15 

61 



Air 

1:45 

54.0 

95.0 

46.9 

7.14 

60 

C. 

Rest 

Air 


7.8 

98.0 

56.3 

7.29 

52 


Exercise 

Air 

2:36 

40.6 

97.9 

50.9 

7.29 

47 



15% O 2 

1:36 

56.5 

90.4 

47.9 

7.26 

47 



100% O 2 

2:00 

38.8 

100.0 

54.7 

7.30 

49 



Air 

1:54 

51.0 

97.3 

1 49.4 

7.32 

43 

B. 

Rest 

Air 


7.4 

99.7 

54.0 

7.32 

47 


Exercise 

Air 

3:10 

37.2 

96.6 

! 50.8 

7.24 

52 



15% O 2 

1:36 

53.0 

88.4 

49.2 

7.26 

48 



100 % O 3 

2:25 1 

40.6 

100.0 

49.4 

7.24 

51 



Air 

2:05 

47.0 

96.5 

48.8 

7.29 

45 

G. 

Rest 

Air 


9.6 

99.0 

57.4 

7.38 

44 


Exercise 

Air 

3:51 

37.6 

97.8 

54.0 

7.34 

45 



15% O 3 

1:40 

46.0 

89.3 

53.4 

7.36 

42 



Air 

2:18 

40.5 

97.1 

52.6 

7.31 

47 



100 % O 3 

1:39 

35.0 

100.0 

53.1 

7.29 

49 



Air 

1:57 

40.9 

96.7 

53.2 

7.31 

47 

S. 

Rest 

Air 

1 

8.8 

95.3 

59.3 

7.33 

50 


Exercise 

Air 

2:20 

36.6 

95.3 

55.5 

7.20 

62 



15% Os 

2:10 

50.9 

84.4 

49.8 

7.23 

52 



100 % O 3 

2:40 

32.4 

100.0 

54.1 

7.18 

63 



Air 

2:36 

29.7 

93.0 

56.7 

7.20 

63 

T. 

Rest 

Air 

* 

9.9 

98.1 

58.6 

7.35 

47 


Exercise 

Air 

2:36 

31.4 

97.6 

55.2 

7.28 

52 



• 15% Os 
100% Os 

1:50 

2:00 

31.4 

36,3 

73.6 

100.0 

54,3 

51.8 

7.24 

7 90 

Of 

53 

56 



Air 

1:20 

36.6 

95.3 

50,0 



Separate study. 
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TABLE III 

Mean arterial blood values of II subjects at rest and during exercise 


Slaw 

VentUation 

1 

Blood CO) 
content 

Serum COi 
content 

i 

pH 

COj tension 

0» capacity 

%o, 

saturation 

Rest 

Exercise 
E.xercise 8'20''* 

25“ C.) 

8.7±0.7 
47.1 ±4.0 
57.2±4.6 1 

{■col. %) 

46.3±0.7 

41.8±1.2 

38.1±1.7 

(Ml. %) 

5S.4±0.8 

49.9±1.5 

4S.4±2.1 

7.37±.01 
7.27±.01 
7.22 ±.02 

(mm. Hg) 
43.3±1.5 
48.2±1.6 
47.6±2.1 

{ml. %) 
I9.S1±0.32 
20.52±0.37 
20.67±0.33 

98.3 
[ 97.1 

[ 96.1 

1 


* Average time. (Ranges; l'J6" to 4'30" and 5'45" to 11'30".) Indicated range following mean values denotes 
standard error. 


ing the exercise period, falling by an average of 
2.2%. A similar fall has been reported by Asmus- 
sen and Nielsen (20). The arterial oxygen ten¬ 
sion has been found to fall during exercise (15). 
In addition, the pH fall in our subjects would have 
the effect of shifting the oxyhemoglobin dissocia¬ 
tion curve so that the per cent saturation would be 
less for a given oxygen tension. 

For the group as a whole there was a consider¬ 
able fall in pH and in serum COj content. A large 
change had occurred by the time of the first sam¬ 
ple, and the decline was continued in the second 
sample. Decreases of arterial pH and CO, con¬ 
tent during exercise are a reflection of the accumu¬ 
lation of lactic acid ( 8 , 21 ), and changes of this 
magnitude indicate that the rate of exercise was 
severe for the group as a whole. With subjects 
in better training, exercise rates of this degree or 
much higher may be maintained without the ac¬ 
cumulation of large amounts of lactic acid and 
without a decline in pH ( 8 , 22). However, with 
exercise which is severe for the subject, fall in ar¬ 
terial pH and serum CO, content of this general 
magnitude have been reported (14, 21, 23). Our 
experience is similar to Barr’s and Himwich’s (23) 
in the finding that resting pH and COi content may 
not be restored for many minutes after exercise. 

The mean arterial CO, tension was slightly in¬ 
creased during exercise. Because of the great in¬ 
dividual variation, the difference between the rest¬ 
ing and exercising levels is not significant for the 
group as a whole. Nielsen ( 22 ) reported that the 
COj tension falls during exercise and that the fall 
is greater with increasing severity of exercise. 
His observations were made during the steady 
state of exercise on two highly trained subjects, 
and the arterial CO, tension was calculated from 
the composition of expired air and the respiratory 
dead space. Data on this subject are relatively few. 


The observations of Barr and associates (14), 
and of Galdston and Wollack (16) showing a fall 
or no substantial change in arterial CO, tension 
were made on arterial blood drawn shortly after 
exercise was completed. Lilienthal and colleagues 
(15), measured CO 2 tension by Riley’s method' 
in arterial blood drawn during exercise from six 
subjects. The sampling time was comparable to 
that of the present study, but, judging from the 
oxygen consumption, the severity of exercise was 
somewhat less. They found an average increase 
of approximately 3 mm. Hg in arterial COj tension 
during work. Dill and associates have investigated 
the arterial CO 3 tension during exercise as meas¬ 
ured by “inspiratory” alveolar air. There was con¬ 
siderable individual variation, but the average ten¬ 
sion, after a steady state was reached, was not far 
from the resting value (7, 8). Four trained sub¬ 
jects at graded work rates showed a moderate in¬ 
crease in CO, tension with lighter work rates and 
a gradual decline toward the resting level as the 
rate was increased (13). Briggs (24) studied sub¬ 
jects under a very large work load. In many of 
the best performers, there was a high CO, con¬ 
tent in the expired air (up to 8 % in two subjects), 
indicating a very high arterial CO, tension. In 
short, the available evidence indicates that the ar¬ 
terial CO, tension during exercise may rise, fall, 
or remain nearly unchanged depending upon the 
individual subject, the work rate, and the dura¬ 
tion of work. In four cases in the present study 
the CO, tension within one minute after exer¬ 
cise was found to be substantially the same as the 
original resting value. 

The course of ventilation during exercise 

At the start of exercise, as found by Krogh and 
Lindhard (25), there is an immediate increase in 
ventilation. With our subjects, this increased ven- 
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tilatory rate was maintained with relatively minor 
fluctuations, particularly in the first four to five 
breaths, for roughly a minute, A rather sharp 
further increase in ventilation then occurred. This 
sharp “secondary rise” in ventilation was present 
consistently except in one subject, T., in whom it 
appeared in only one of three trials. The secondary 
rise usually took place within a period of one to 
three breaths. The time at which the secondary 
rise occurred varied from 30 to 67 seconds after 
the onset of exercise, with an average time of 52 
seconds. The mean increase at this point was 
10.4 ± 1.6 l./min. The ventilation thereafter rose 
much more gradually and smoothly, reaching a 
steady state in some cases. This secondary rise 
seems not to have been commented upon before, 
although close observations of breathing during 
early exercise have been made by Krogh and Lind- 
hard (25) and by Asmussen and Nielsen (26). 
Their subjects were in good physical condition. 
Continuous recordings of ventilation throughout 
the course of exercise have been made by Rahn 
and Otis (27) and by Bruce and coworkers (28), 
without the finding of a sharp break in ventilation. 
In these studies the subjects were untrained, but 
the work rate was quite mild. 


It seemed possible that the secondary rise might 
reflect the beginning of arterial blood changes re¬ 
sulting from exercise. This possibility was exam¬ 
ined in two further subjects who showed a well- 
marked secondary rise on moderate exercise (cor¬ 
responding to an Om consumption of about 1,400 
cc./min,). The results are presented in Table IV. 
It is apparent that there was a rapid fall in pH and 
a rise in arterial CO 2 tension during early exercise. 
The total extent of these changes, as measured by 
the effect on ventilation of breathing CO 2 at rest, 
could account roughly for the magnitude of the 
secondary rise. However, the ventilation rise is 
sharp, while the blood chemical changes are more 
gradual. This difference may reflect a lag be¬ 
tween arterial blood changes and the ventilatory 
response. It seems possible only to conclude that 
chemical changes may occur quite early in the ar¬ 
terial blood of untrained subjects even during mod¬ 
erate exercise, and that these changes may be re¬ 
sponsible for the secondary rise in ventilation. 

On stopping exercise, there was usually a sharp 
decrease in the ventilation rate, as noted by As¬ 
mussen and Nielsen (26). The magnitude of this 
decrease varied greatly. The mean fall was 8.8 4: 
2.6 l./min. Because of individual variation, there 


TABLE IV 

Venlilation and arterial blood changes during early exercise and while breathing COz-enriched air at rest 


Subject 

Sampling time after 
starting exercise 

Comment 

Ventilation 

Serum CO 3 

pH at 37® C. 

COj tension 




{U/min., 25'^ C.) 

{vol. %) 


(mm. He) 

R. M. 

Rest 


8.8 

53.6 

7.37 

41 


32"-41“ 


12.7* 

55.5 

7.34 

45 



Secondary vent, rise to 







19.8 l./min. begins at 63 







sec. 






71''-82'' 


19.8 

55.8 

7.28 

52 


3'23"-3'33“ 


36.5 

50.9 

7.21 

55 


Rest 

28 min. after exercise 

8.1 

49.0 

7.32 

42 


Rest 

Breathing 3-4% CO 2 for 

15.4 

53.7 

7.29 

49 



4 min. 





E. S. 

Rest 


8.5 

56.0 

7.38 

43 


16"-26'' 



55.5 

7.34 

46 




20.7* 





45"-S5" 



56.6 

7.32 

49 



Secondary vent, rise to 







32.5 l./min. begins at 52 






2'49"-3'04" 

sec. 

43.6 

53.1 

7.27 

51 


Rest 

22 min. after exercise 

9.7 

51.5 

7.34 



Rest 

Breathing 4-5% COj for 

25.2 

56.5 

7.28 

oo 



21 min. 






♦Average after first four to five respirations (about 15 seconds) until secondary/isejn ve • 

exercise at 4 mph and a 4% grade, subjects in poor training. A sharp “secondary nse” in ventilation is associated witn 

an increase in COj tension. Subjects show normal response to breathing COj at rest. 
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was no significant clifFerence between the magni¬ 
tude of the immediate increase at the beginning of 
exercise and the decrease at the end. 

The effect of breathing 5^/o CO., 

In comparing the effect on ventilation of breath¬ 
ing 5‘fo COn at rest and during exercise, the diffi¬ 
culty arose that a number of our subjects were un¬ 
able to continue exercise with the gas mixture long 
enough to reach a steady state. Accordingly, the 
mixture was given until it was evident from the 
respiratory tracing that the ventilation was no 
longer changing rapidly, and arterial samples were 
then taken. For comparison, the same procedure 
was adopted in the resting state. The average time 
on CO 2 at rest was two minutes and during exer¬ 
cise one and one-half minutes. The average time 
needed to reach a steady state on 5% CO, at rest 
probably exceeds five minutes and in individual 
cases may be much more (22, 29, 30). However, 
the breathing time used in the present study covers 
the period of rapid change in ventilation. In meas¬ 
uring the effect of CO, inhalation during exercise, 
it was necessary to select control levels for ventila¬ 
tion and arterial CO 2 tension. This was compli¬ 
cated by the fact that the subjects were not in a 
steady state, and ventilation was consequently in¬ 
creasing with time, apart from the effect of COj. 
As shown in Table I, during the same exercise pe¬ 
riod control measurements were made while the 
subject was breathing air, both before and after 
the administration of CO 2 . The control value for 
ventilation while the subject was breathing CO 2 
was estimated by assuming that the ventilation time 
curve would have followed a straight line between 
these two points if the subject had continued on 
air. The mean values for the two points on air, 
before and after giving CO^, were 46.6 l./min. at 
three and one-half minutes of exercise, and 58.3 
l./min. after seven and one-half minutes of total 
exercising time.'* The mean estimated control ven¬ 
tilation during CO 2 breathing was 53.3 l./min., 
while the mean actual ventilation was 73.0 l./min. 
The estimated control ventilation is a little too 

^ The four minutes between these sampling times in¬ 
cluded one and one-half minutes each on CO- and air, with 
approximately 30 additional seconds after each period 
which were occupied in completing the blood sampling 
and observing the ventilation rate to insure that it was 
not changing rapidly. 


TABLE v 

Mean effect on 10 subjects of breathing 5% COz at rest 
and during exercise 


State 

Ventilation 

COi 

tension 

Ventilation change/CO* 
tension change 


ll./miit., 
25“ C.) 

(mm. He) 

{l.Jmin./mm. Bg) 

Rest 

8.3 ±0.9 

41.8±1.S 


Rest, 5% CO* 

1S.5±1.4 

S2.6±1.4 

.80 ±.24 

Exercise I 

53.3 ±4.2 » 

46.9±2.1 * 


Exercise. S% COi 1 

73.0 ±7.5 

05.5 ±2.0 

1.05 ±.20 


* E.xpected values, calculated from measurements during 
exercise before and after the administration of CO 2 . See 
te-xt. 


low because the ventilation-time curve is not a 
straight line but is convex upward. The apparent 
effect of CO 2 is thereby magnified, but the effect 
is not great. In the second control period, meas¬ 
urements were made at an average of one and one- 
half minutes after changing from CO, to air. It 
might have been expected that measurements dur¬ 
ing this period would still be much influenced by 
the preceding CO 2 inhalation. However, the mean 
ventilation at this point (58.3 ±4.4 l./min.) was 
not significantly different from that of the last 
control period in the oxygen experiments (56.0 ± 
5.4 l./min.), which are described in the next sec¬ 
tion. In most of the latter, the preceding gas mix¬ 
ture was tank oxygen, which depresses ventilation 
instead of elevating it. It is concluded that ventila¬ 
tion in the second control period was not signifi¬ 
cantly influenced by the preceding gas mixture in 
either case. The mean CO 2 tension was approxi¬ 
mately 47 mm. Hg in each control period. There 
was very little individual change between periods, 
and a simple average was taken for the CO 2 tension 
to be expected if the subject had continued on air. 
It appears that there is a rapid recovery from the 
effect of inhaling CO 2 during exercise. 

The mean results for 10 subjects are presented 
in Table V. The mean ventilation response to an 
increase in arterial CO, tension during exercise 
exceeds that at rest, but the difference is not sta¬ 
tistically significant (0.3 < P < 0.4). It was sug¬ 
gested by Nielsen (22) that the respiratory center 
becomes more sensitive to CO, during exercise, 
and that this change is an important factor in the 
regulation of breathing during exercise. Under 
the conditions of the present experiment, there is 
no evidence that exercise has sensitized .the re¬ 
spiratory center to CO, in the sense that the ventil¬ 
atory response to a given increment in CO, ten- 
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sion becomes significantly greater. The same 
conclusion was reached by Grodins (31) from an 
examination of Nielsen’s data. The magnitude of 
the response to 5% CO 3 at rest is somewhat lower 
than usual, probably because of the short exposure 
time. The mean pH fall as a result of breathing 
COo was slightly greater during exercise than at 
rest. As a corollary to the first conclusion, there 
appears to be no evidence that exercise produces 
any marked respiratory sensitivity to a fall in ar¬ 
terial pH. 

The effect of high and lotv oxygen concentrations 

In 1920 Briggs (24) observed that breathing 
oxygen-enriched air during severe exercise de¬ 
creased the ventilation rate. The effect was 
greater the more severe the exercise, and for a 
given exercise rate the effect varied inversely with 
physical fitness. The finding has been confirmed 
abundantly ( 20 , 22 , 27, 32, 33). Conversely, it is 
known that ventilation for a given work rate is 
greater at high altitudes (13, 34, 35) or while 
breathing low-oxygen mixtures (15, 27, 36, 37) 
than it is at normal oxygen tensions. In the pres¬ 
ent study a trial was made of the effect on ventila¬ 
tion of changing from air to 15% O 2 in N, and to 
tank oxygen. 

The first control measurements were made after 
about three minutes of exercise. The subject was 
then switched to 15% oxygen, and thereafter to 
air or tank oxygen. In all cases there were two or 
three control periods on air, as indicated in Table 
11. The time on each mixture was roughly one and 
one-half minutes before measurements were made. 
The subjects did not know the order in which 
mixtures were given and the changes were made 
without their knowledge. The method of deter- 


TABLE VI 

Mean effect on 11 subjects of breathing 15% O 3 and 
tank Oi during exercise 


State 

Ventilation 

% Arterial 
Os saturation 

Ventilation 

change 

Exercise, air 

25“ C.) 
S2.1±4.8* 

96.9* 


Exercise, 15% O 3 

61.6d=6.S i 

85.7 

9.5±3.1t 

Exercise, air ' 

55.8±5.3* ! 

96.1* 

Exercise, tank Oj 

1 

47.4=fc3.9 

1 

100.0 ! 

1 

8.4±2.3t 

1 


* Expected values, calculated from measurements during 
control periods. See te.xt. 
tp <.02. 
tp <. 01 . 


mining “expected” ventilation and per cent oxy¬ 
gen saturation from the control periods was the 
same as described in the preceding section. The 
mean results for 11 subjects are presented in Table 
VL Fifteen % O,, caused a significant increase in 
ventilation (P < .05) and tank oxygen a signifi¬ 
cant decrease (P < .01), with reference to the 
rate on air. On switching gas mixtures, the change 
in ventilation rate was extremely rapid. This was 
particularly true in passing to oxygen, when a 
marked slowing was often evident within 10 sec¬ 
onds, or four to five breaths. With the ventilation 
changes there were corresponding changes in ar¬ 
terial CO 2 tension and pPI. That is, with the lower 
ventilation under tank oxygen the COo rose and 
the pH fell, while reverse changes occurred with 
15% O 3 . These secondary changes must have 
limited the extent of the oxygen effect, since they 
would force ventilation in the opposite direction. 

It is of some interest to note that the mean 
change of COo tension was only about 3 mm. Hg 
on changing from air to either gas mixture, which 
was less than might have been anticipated from the 
change in ventilation. The short exposure time 
may not have permitted the development of a full 
change in COo tension. In addition, it is possible 
that the different gas mixtures may have influenced 
the rate of bicarbonate breakdown and conse¬ 
quently of COo excretion. From the rate of total 
blood COo loss, it is apparent that lactic acid was 
being formed rapidly. The rate of production of 
lactic acid during work can be markedly slowed by 
high oxygen mixtures or accelerated by low oxy¬ 
gen (20, 36, 38, 39). 

The effect on ventilation of changing arterial 
oxygen tension is far greater during exercise of 
this severity than at rest. The effect on ventila¬ 
tion of inhaling high and low oxygen concentra¬ 
tions at rest has been studied by Dripps and Corn- 
roe (40). They found a small, immediate drop of 
3 . 1 % in ventilation on passing from air to oxygen. 
On 12% oxygen, which produced a mean fall of 
17% in arterial saturation, approximately corre¬ 
sponding to that of the present study, there was an 
average ventilation increase of 0.5 I./min. 

The effect of changes in arterial pH 

There has been some disagreement as to the role 
played by arterial pH in the regulation of breath- 
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TABLE VII 

Arterial blood pH, ventilation, and COj tension in 
the post-exercise period 


Subject 

State 

Ventilation 

Arterial 
blood pH 

Arterial 
blood COr 
tension 



{l./min.t 

2P C.) 


(mm. Hs) 

R. M.* 

Rest 

8.8 

7.37 

41 


post-e.\ercise 
28 min. 

8.1 

7.32 

42 

E. S.* 

Rest 

8.5 

7.38 

43 


post-e.xercise 
22 min. 

9.7 

7.34 

43 

S. 

Rest 

7.1 

7.37 

44 


post-exercise 

6 min. 

8.4 

7.33 

45 

P. S. 

Rest 

7.8 

7.35 

45 


post-exercise 
18 min. 

10.7 

7.29 

47 


* Data repeated from Table IV. 


ing during exercise. Barr (14, 41), Dill, Talbott 
and Edwards (8), and Nielsen (22) found little 
correlation between pH and ventilation. From 
studies on diabetic acidosis Kety and associates 
(42) have suggested that there is a threshold for 
respiratory response at about pH 7.2. Between 
this point and pH 7.0, ventilation increased as the 
hydrogen ion concentration rose. These investi¬ 
gators pointed out that the arterial CO 2 tension 
of their patients was simultaneously decreased. 
As emphasized by Gray (43) and Grodins (31) 
such a change could mask a stimulant effect which 
might otherwise appear at higher pH levels. 

Some data on this -point are available from the 
present study and are presented in Table VII. In 
the post-exercise period, ventilation and arterial 
CO, tension in these subjects have returned sub¬ 
stantially to their former values, while the pH is 
still .04 to .06 units below the control level. The 
pH changes are not large, but it seems possible to 
conclude that small pH changes, produced in this 
way, do not evoke much respiratory response. 
No such data are available, from this study, for 
large pH changes. As pointed out above, the find¬ 
ing that exercise does not generally increase re¬ 
spiratory sensitivity to CO, also implies that it does 
not cause a marked increase in sensitivity to a fall 
in arterial blood pH, since the pH was decreased 
considerably both at rest and exercise by CO, in¬ 
halation. 


Individual variation 

Individual variation is conveniently examined 
by reference to Figure 1. There is a striking dif¬ 
ference among subjects in response to various 
stimuli. 

The most consistent response is the immediate 
increase in ventilation on beginning exercise (Fig¬ 
ure IB). Even so, this shows up to 100% varia¬ 
tion among subjects, and its magnitude is not 
closely related to the final ventilation volume. In 
Figure 1C is presented the abrupt fall in ventila- 



Fig. 1. Variation in Performance of Individual Sub¬ 
jects DURING Exercise 

Columns at the extreme right represent the mean for 
each category. The values of categories A, B, C, E, and 
F are the averages of observations during two separate 
exercise periods, except for subject B, who had only one 
exercise period. A: ventilation during arterial blood 
sampling in the latter part of the exercise period. B: 
abrupt increase in ventilation on beginning exercise. C: 
abrupt decrease in ventilation on stopping exercise. D: 
increase in ventilation (l./min.) per mm. Hg rise in ar¬ 
terial CO; tension resulting from administration of 
5% CO; during exercise. E: difference between arter¬ 
ial CO; tensions at exercise and rest. F; fall in arterial 
blood pH during e.xercise. G: increase in ventilation re¬ 
sulting from administration of 15% O; during exercise. 
H: decrease in ventilation resulting from administration 
of tank oxygen during exercise. 
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tion on stopping work. Here there is even a 
greater variation. In some subjects there is little 
or no immediate fall, while others show a fall 
greater than the original increase. The initial in¬ 
crease, because of its rapidity, has been considered 
neurogenic from the time of its description by 
Krogh and Lindhard, and the same etiologic reas¬ 
oning is evidently applicable to the abrupt fall. 
Since the discovery by Harrison, Calhoun, and 
Harrison (44) of respiratory reflexes from pas¬ 
sive limb motion, considerable attention has been 
devoted to this phase of respiratory control, most 
notably by Comroe and associates (45, 46), who 
have recently concluded that passive stretch re¬ 
flexes can play only a minor part in respiratory 
regulation. Whether peripheral or central in ori¬ 
gin, the present effect is of considerable magnitude. 
It is quite possible that the actual magnitude of this 
“neurogenic factor” during exercise is not fully 
measured by the abrupt changes in ventilation on 
starting and stopping exercise. A preliminary ex¬ 
amination of this possibility has been made in sub¬ 
ject H., who customarily shows an immediate 
increase in ventilation of about 12 l./min. on start¬ 
ing exercise and no immediate decrease on stop¬ 
ping, once a large ventilation volume has been 
reached. This subject was caused to exercise re¬ 
peatedly for short periods with only brief recovery 
intervals. The immediate increase on passing from 
rest to exercise amounted in the first trial to 18 
l./min., in the second, to 28 l./min., and in the 
third to 32 l./min., the last representing an im¬ 
mediate jump from 18 to 50 l./min. The possibil¬ 
ity exists that the neurogenic factor may increase 
during exercise and become much larger than 
indicated by the average values for starting and 
stopping effects. 

There is a very large range in sensitivity to ar¬ 
terial COo tension, as shown by Figure ID, repre¬ 
senting ventilation increase per mm. of arterial 
COo tension when 5% COo is administered during 
exercise. Wide variation among subjects in re¬ 
sponse to carbon dioxide at rest has also been re¬ 
marked (29, 30). Figure IE presents the dif¬ 
ference between arterial COo tension during the 
latter part of exercise and the tension at rest. 
There is some correspondence between COo sen¬ 
sitivity (Figure ID) and the behavior of the ar¬ 
terial COo tension during exercise. Where sen¬ 
sitivity is high, the COo tension tends to fall or to 


rise only slightly during exercise. The large in¬ 
crease shown by D. is probably owing to anxiety 
and hyperventilation during the resting period, 
with a resultant subnormal COo tension at rest. 
An exception is provided by S., who was sensitive 
to COo, but still showed a considerable increase in 
COo tension during exercise. Evidently, the im¬ 
portance of COo as a respiratory regulator during 
exercise is subject to considerable individual vari¬ 
ation. 

The reaction to 15% oxygen and tank oxygen 
is presented in Figures IG and IH. Once more, 
there was a considerable range of response. In 
several cases there was much difference in sensi¬ 
tivity to the two mixtures. The response to tank 
oxygen was a little more consistent than that to 
15% oxygen. 

DISCUSSION 

In 1944 Comroe (47) reviewed the evidence 
dealing with respiratory regulation during exer¬ 
cise and concluded that a number of factors must 
act together. Subsequent work, including the 
present, has confirmed the conclusion. Efforts 
have been made to quantitate the role played by 
various of these factors. Most of this work has 
been done with well-trained subjects. It is gen¬ 
erally believed that neurogenic stimuli play some 
part, although there is disagreement as to whether 
reflexes originating from the limbs themselves are 
important or not (46, 48, 49). It has been held, 
on the one hand, that neurogenic stimuli are of 
primary importance in light to moderate exercise 
(50), and, on the other, that they are of little im¬ 
portance. Carbon dioxide has been invoked as a 
major factor on the ground that exercise increases 
the responsiveness of the respiratory center to this 
stimulus (22), and the significance of carbon di¬ 
oxide as a major factor has been denied on the 
ground that the alveolar carbon dioxide tension re¬ 
mains unchanged or falls during exercise (47). 
pH change has not been considered of first-line 
importance by most observers (8, 22, 41), but its 
possible importance has recently been asserted 
(31). Arterial oxygen tension has been dismissed 
as a regulatory factor because changes in arterial 
oxygen during exercise are slight, and change in 
arterial oxygen tension over a considerable range 
yields little respiratory response at rest (20). A 
rise in body temperature during exercise may stim- 
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ulate respiration, but this is slow to develop and 
probably would not be very effective in less than 10 
minutes (51). Because it has often seemed diffi¬ 
cult to account for the magnitude of ventilation 
during e.\ercise, it has been recurrently postulated 
that an unidentified substance which acts as a re¬ 
spiratory stimulant is produced by working mus¬ 
cles. 

In the present study, using untrained subjects, 
it is apparent that a number of stimuli were opera¬ 
tive. Neurogenic factors, of whatever origin, 
played a significant part in initiating and maintain¬ 
ing ventilation. This stimulus may have been 
much larger than can be estimated from initial in¬ 
creases and terminal decreases in ventilation. 

Arterial carbon dioxide tension appears to have 
been effective in increasing ventilation during ex¬ 
ercise in at least some subjects. Since the respira¬ 
tory center did not become highly sensitive to car¬ 
bon dioxide during exercise, the effect as cal¬ 
culated after several minutes of exercise is not 
particularly large except perhaps in subject S., who 
was sensitive to carbon dioxide and had a sub¬ 
stantial increase in arterial tension during exercise. 
In those subjects who have a rapid, early decrease 
in blood CO 2 content, presumably owing to lactic 
acid accumulation, a rising arterial CO 2 tension 
early in exercise may assist in increasing ventila¬ 
tion. As pointed out above, this may account for 
the “secondary rise” in ventilation early in exer¬ 
cise. In trained subjects this secondary rise has 
not been described, and trained subjects show little, 
if any, early increase in alveolar CO 2 tension ( 8 , 
22 ) corresponding to that found in the arterial 
blood of some of our untrained subjects. 

The effect of changing the arterial oxygen ten¬ 
sion is of considerable interest. The ventilation re¬ 
sponse is very rapid, and its magnitude is many 
times greater than at rest. This effect appears in 
exercise which is severe for the subject, and the 
effect becomes more pronounced as the severity in¬ 
creases (20, 24). The response is too immediate 
to make it likely to result from changes in blood 
concentration of some substance produced by 
anaerobically working muscles. It has been sug¬ 
gested by Asmussen and Nielsen ( 20 ) that an 
increase in oxygen tension could act by decreasing 
chemoreceptor sensitivity to such a substance. If 
so, one would need to postulate that the substance 
continues to be produced on oxygen at the same 


rate as on air, although lactic acid production is 
decreased by oxygen. This is because the results 
of these Investigators show an immediate return 
of ventilation to the same steady rate as before 
when the subject is switched back to air. It seems 
a little simpler to assume that the chemoreceptor 
system becomes more sensitive to the arterial oxy¬ 
gen tension itself, or that the respiratory center 
becomes more sensitive to the “tone” which is 
known to exist at normal oxygen tensions in the 
resting state (40). In the latter case, the oxygen 
effect could be regarded as a variety of neurogenic 
stimulus which becomes more active the more se¬ 
vere the exercise. There is some evidence in ani¬ 
mals for a respiratory drive from increased chemo¬ 
receptor tone, or increased responsiveness to the 
existing tone, during electrically induced work 
(49, 52). The development of this effect during 
exercise can make a significant contribution to the 
total ventilation. Normally, it can not provide 
for a very close regulation of ventilation because 
the effect does not vary greatly with a small change 
in oxygen tension. It is probably important in 
the close regulation of breathing during exercise 
at high altitudes and in patients with pulmonary 
disease who have a decreased arterial oxygen ten¬ 
sion. For reasons outlined by Bohr (53) and 
Barcroft (54) and put to experimental trial by 
Lilienthal, Houston, and others (15, 35, 55), the 
arterial oxygen tension can fall markedly during 
exercise when it is already low at rest. 

The large falls in arterial pH which occurred 
during exercise in some of our subjects would be 
expected to have some stimulant effect on respira¬ 
tion. Our experience, however, is similar to that 
of others in finding no close correlation between 
ventilation and pH in a given subject. As pointed 
out before, we find no evidence that the respiratory 
response to a fall in pH becomes very great during 
exercise. 

Among the factors known to be operative in the 
present study, then, are a “neurogenic factor” 
which may increase during exercise, a changing 
arterial CO 3 tension, the development of what is 
provisionally regarded as an increased chemore¬ 
ceptor tone to oxygen, and a considerable fall in 
pH. Recently, Gray (43) and Grodins (31) have 
approached the problem of multiple respiratory 
stimuli by assigning quantitative values to the 
stimulant effects of CO, tension, hydrogen ion con- 
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centration, and oxygen tension. If these values 
are accepted and the quantities measured, it is pos¬ 
sible to draw conclusions as to the intensity and 
mode of action of additional stimuli which are re¬ 
quired to account for the ventilation observed in 
a given situation. One of the most striking find¬ 
ings of the present study is the tremendous vari¬ 
ability among untrained subjects in the response 
to different stimuli, as well as in the extent to which 
various stimuli develop during exercise. This 
suggests that any respiratory formula be applied 
only with reservations to a single subject or even 
to small groups of subjects, particularly when they 
are not in good physical training. 

This great variability among normal subjects 
in poor physical condition is in contrast with the 
much more uniform performance of subjects in 
good training. It is probable that still greater de¬ 
viations will occur in the course of disease. Pres¬ 
ent concepts of the relative importance of various 
respiratory stimuli in muscular exertion have been 
gained largely through the study of well-condi¬ 
tioned subjects. It does not appear likely that these 
concepts can be carried over intact to persons with 
acute or chronic disease. 

SUMMARY 

1. Observations have been made on ventilation 
and arterial blood changes in 11 untrained sub¬ 
jects during short periods of moderately severe 
treadmill exercise. Particular attention was paid 
to the ventilation changes at the start and con¬ 
clusion of work, to the course of ventilation in 
early exercise, to the effect on ventilation of breath¬ 
ing gas mixtures having, respectively, an increased 
COo content, a low oxygen, and a high oxygen 
content, and to associated changes in arterial COo 
tension, pH and per cent oxygen saturation. 

2. With untrained subjects there may be large 
changes during exercise in arterial CO, content, 
COo tension, and pH, and these may begin to de¬ 
velop very early in exercise. 

3. Exercise did not increase significantly the 
sensitivity of the respiratory center to arterial COo 
tension, as measured by increase in ventilation per 
mm. Hg increase in COo tension. 

4. An attempt is made to estimate in semi-quan¬ 
titative terms the role played by various respira¬ 
tory stimuli in regulating ventilation during exer¬ 


cise. These stimuli are a “neurogenic” effect; an 
oxygen effect, which is provisionally regarded as 
an increase in sensitivity of the chemoreceptor 
system to oxygen tension; fall in blood pH; and 
arterial COo tension. There is great variation 
among untrained subjects in the relative impor¬ 
tance of these factors. 
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Nor-epinephrine is a sympathomimetic drug 
similar in structure to epinephrine, but lacking a 
methyl group on the nitrogen atom contained in 
the latter compound (1). Its levo-isomer is twice 
as active as the optically inactive preparation. 
Some investigators believe that 1-nor-epinephrine 
is identical with sympathin E (1) ; others feel 
that it is more likely that nor-epinephrine is the 
precursor of epinephrine at adrenergic nerve end¬ 
ings (2, 3). Goldenberg and associates (1) found 
that in man l-nor-epinephrine increases total pe¬ 
ripheral resistance, and in further contrast to epi¬ 
nephrine, does not increase the cardiac output. 
Goldenberg also (1) found a consistent elevation 
in pulmonary artery pressure during the infusion 
of I-nor-epinephrine in man. However, since he 
did not measure pulmonary venous pressure, one 
cannot determine from his study the primary site 
of action of l-nor-epinephrine in producing transi¬ 
ent pulmonary hypertension. For these reasons it 
seemed desirable to investigate further the action 
of l-nor-epinephrine upon the pulmonary circula¬ 
tion. 

The purpose of the study reported here is to 
determine how l-nor-epinephrine produces pul¬ 
monary arterial hypertension in man. In man the 
pulmonary venous pressure may not ordinarily 
be measured directly. However, Hellems and co¬ 
workers (4) have described a method of obtaining 
pulmonary “capillary” pressure, and have shown 
that in animals the pulmonary “capillary” pres¬ 
sure varies with the pulmonary venous pressure. 
If pulmonary artery pressure, pulmonary “capil¬ 
lary” pressure and cardiac output are determined 
simultaneously, the pulmonary arteriolar resistance 
may be calculated (5). If nor-epinephrine pro¬ 
duces pulmonary hypertension by pulmonary ar- 

^ This study was supported by Research Contract 
VlOOl M-432 Veterans Administration. 

- Public Health Service Postdoctorate Research Fel¬ 
low of the National Heart Institute. 


terial constriction, then a rise in pulmonary ar¬ 
teriolar resistance is to be expected during the 
pulmonary hypertension resulting from its ex¬ 
hibition. 

MATERIAL 

Thirteen subjects were studied. Eleven had normal 
hearts as shown by physical examination. X-ray, and the 
electrocardiogram. One (E. B.) was convalescing from 
beriberi heart disease, with only residual tachycardia. 
One (C. F.) had a systolic murmur at the cardiac apex 
and a pulmonary “capillary” pressure tracing suggestive of 
incompetency of the mitral valve (6). C. F. had also 
moderate elevation of the mean pulmonary arterial pres¬ 
sure while in the resting state. As controls, six subjects 
with various types of cardio-pulmonary disease were 
studied. 

METHOD 

All subjects except E. B. were studied in the fasting 
condition, sedated by 0.1 or 0,2 gm. of seconal given two 
to two and a half hours prior to study. Cardiac catheteri¬ 
zation was performed as described previously (7). A 
double lumen catheter was used, so that pulmonary “capil¬ 
lary” pressure and pulmonary arterial pressure could be 
measured simultaneously. Pulmonary “capillary” pressure 
was obtained by the method of Hellems and co-workers 
(4). The criteria of satisfactory pulmonary “capillary" 
pressures were (I) the nature of the pressure curve, 
showing "a” and “c" waves; (2) the peripheral location 
of the catheter tip in the lung; and (3) the securing of a 
specimen of blood saturated with oxygen from the wedged 
catheter tip. This last was not always possible, since in 
some instances, no blood could be obtained from the 
wedged catheter tip. Brachial artery pressure was ob¬ 
tained through an 18 gauge indwelling Cournand needle. 
Simultaneous electrocardiograms, ballistocardiograms, 
brachial arterial, pulmonary arterial, and pulmonary 
“capillary” pressures were recorded by means of a five 
channel optical oscillograph. 

Cardiac outputs were determined by the direct Pick 
method as described previously (8). Duplicate samples 
of expired air were analyzed for CO- and Oj and required 
to check within 0.03%. Duplicate blood samples, col¬ 
lected during the collection of expired air, were re¬ 
quired to check within 0.2 vol.%. 

Resting cardiac outputs were obtained after the catheter 
had been in place 15 to 30 minutes or more. After the 
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TABLE I 


The effect of Unor-epinephrine upon pulmonary artery and brachial artery pressure 


Subject 

i 

j Before nor-cpitiephrine 

1 

During nor-eplncphrine 

to to 20 minutes after 
nor-epinephrine 

Mean PA 
pressure 1 

Mean BA 
prci>surc 

Mean PA 
pressure 

Mean BA 
pressure 

Mean PA 
pressure 

Mean BA 
pressure 


HI)». ifg 

mm. Hg 

mm. Hg 

mm. Hg 

mm. Hg 

mm. Hg 

1 . H. H. 39 W.M. Paresis 

15 

75 

19 

103 

16 

87 

2. S. M. 40 C.M. Convales- 

15 

113 

19 

150 

16 

146 

cent pneumonia 







3. H. P. 48 W.M. CNS | 

16 

130 

17 

146 

14 

125 

syphilis i 






4. G.Y. 46 W.M. Convales- 

18 

92 

22 

101 

18 

104 

cent pneumonia 1 







5. V. H. 27 W.M. Epiiepsv I 

10 

114 

13 

118 

8 

116 

6 . C. H. 49 C.F. Paresis 

19 

111 

27 

124 

19 

115 

7. L. A. 43 W.M. Neuritis ' 

13 

113 

18 

127 

13 

112 

8 . E. J. 43 C.M. Leukemia 

16 

100 

27 

124 

— 

— 

9. C. F. 50 C.M. Mitral 

23 

101 

31 

126 

i 30 

104 

incompetency 




1 



10. E, B. 28 W.F. Convales- 

17 

110 

24 

1 133 

1 _ 

114 

cent beriberi i 







11 . J.D.42C.M.Bronchiec-' 

— 

100 


1 113 

i 

—— 


tasis (minimal) i 






12. W. S. 26 C.M. Convales- j 

— 

92 

1 - 

124 

— 

90 

cent pneumonia j 

1 



1 





blood and gas samples for the resting cardiac output had 
been collected, the subjects were given 0.2 to 0.4 micro- 
gram of l-nor-epinephrine 3 per kilogram body weight 
per minute into the distal aperture of the catheter lying 
within the pulmonary artery. When a maximum effect 
upon the blood pressures had been obtained, usually within 
three to five minutes, blood and gas samples for a second 
cardiac output were collected. The infusion of l-nor-epi- 
nephrine was continued during the collection of samples. 
Pressure recordings were obtained immediately before 
and immediately after the collection of blood samples. 
In six cases a third cardiac output and set of pressure re¬ 
cordings were obtained 10 to 20 minutes after discontinuing 
the l-nor-epinephrine infusion. More than one resting 
cardiac output would have been desirable but was not 
obtained because of the danger of fatiguing the subject. 

Six control subjects were studied by the above method. 
They received fluids comparable in volume and rate of in¬ 
fusion to those received by the subjects to whom nor¬ 
epinephrine was administered. Following resting meas¬ 
urements of cardiac output and pressures, dextrose 
solution was infused into the pulmonary artery for a pe¬ 
riod of time roughly equivalent to that required for the 
infusion of l-nor-epinephrine. Then resting measurements 
of cardiac output and pressures were repeated. 

Mean pulmonary arterial, brachial arterial and pul¬ 
monary “capillary” pressures were determined by plani¬ 
metry. Measurements were made over two or more re¬ 
spiratory cycles. Pressures taken just before and just 
after each cardiac output were averaged in obtaining the 
final result. A point 10 cm. anterior from the back of 

3 Supplied through the courtesy of Winthrop-Stearns 
Company, Buffalo, New York. 


the horizontal subject was taken as the zero point in pres¬ 
sure measurements. 

Pulmonary arteriolar resistance was calculated by the 
formula: 

R = X 1,332. 

Where R =» arteriolar resistance in dynes/sec./cm."® 
PA = mean pulmonary artery pressure 
PC = mean pulmonary “capillary” pressure 
CO = cardiac output in cc./sec. 

Total peripheral resistance (TPR) was determined by the 
formula 

TPR - X 1,332. 

Where TPR = total peripheral resistance in dynes/sec./ 
cm.“® 

BA = mean brachial artery pressure 
CO = cardiac output in cc./sec. 

Systemic peripheral resistance was determined according 
to the formula: 

SPR = X 1,332. 

Where SPR = systemic peripheral resistance in dynes/ 
sec./cm.~^ 

BA == mean brachial arterial pressure 
CO = cardiac output in cc./sec. 

RA == mean right auricular pressure 


RESULTS 

Pulmonary arterial and brachial arterial pressure 
(Table I). In each of 10 subjects a definite rise 
in pulmonary artery pressure occurred. The mean 
rise in pulmonary artery pressure was 5 mm. Hg 
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TABLE U 


Slalistical table of changes induced by l-nor-epinepkrine 



No. 

cases 

t—1% 
level 

t—5% 
level 

Ob¬ 
served t 

P 

value ♦ 

1. Pulmonary artery 
mean pressure 

10 

3.250 

— 

S.7 

<0.001 

2. Brachial artery mean 
pressure 

12 

3.106 


6.99 

, <0.001 

1 

3. Pulmonary “capillary" 
mean pressure 

9 

3.3SS 


6.33 

<0.001 

4. Cardiac output 

10 

— 

2.262 

2.270 

<0.05 

5, Heart rate 

12 

3.106 

— 

4.3 

<0.01 

6. Total peripheral resist¬ 
ance 

11 

— 

2.228 

2.6 

<0.05 

7. Arteriovenous oxygen i 
difference 

11 


2.228 

1.85 

<0.1 

8. Stroke volume 

11 

— 

2.228 

1.94 

<0.1 

9. Correlation of rise in 
P. A. and P. C. mean 
pressure 

9 

r=0.76t 


r=0.8St 

<0.01 


* From Fisher and Yates (10). 
t Correlation coefficient (11). 


or 33% over the resting value. Each of 12 sub¬ 
jects had a definite rise in brachial arterial pres¬ 
sure. The mean rise in brachial artery pressure 
was 20 mm. Hg or 19%. Ten to 20 minutes after 
cessation of nor-epinephrine administration, the 
pressure had fallen in all cases in the pulmonary 
artery, and in all cases save one in the brachial ar¬ 
tery. However, 10 to 20 minutes was insufficient 
time for complete subsidence of nor-epinephrine 
effect in every case. The changes in both pulmo¬ 
nary artery and brachial artery pressures were 
statistically significant (9) at the p < 0.001 level 
(Table II). 

Cardiac output {Table III). A significant rise 
{i.e.j 10% above the resting level [8]) in cardiac 
output was found in only one of the 11 cases. In 


this case the cardiac output rose still further after 
withdrawal of the nor-epinephrine; therefore the 
observed elevation was attributed to anxiety rather 
than the effect of the drug. A significant fall in 
output was observed in five subjects. In the five 
remaining subjects there was no significant change 
in cardiac output. Statistical analysis (Table II) 
revealed a significant decline in cardiac output 
when the group was considered as a whole (p = 
.05). The low cardiac index of subject 'C. F. is 
attributed to heavy sedation rather than to cardiac 
failure, since the subject had a normal arterio¬ 
venous oxygen difference of 3.9 vol.%. This 
subject was apparently unduly sensitive to barbitu¬ 
rates, and was roused with difficulty during the 
study, although he had received only 0.2 gm. of 
seconal. His oxygen consumption was quite low, 
being only 74.6 cc./sq. m./min. 

Pulmonary “capillary” pressure and pidmonary 
arteriolar resistance {Table IV). There was a 
definite rise in pulmonary “capillary” pressure dur¬ 
ing the administration of nor-epinephrine in each 
instance. The mean rise was 6 mm. Hg or 64%, 
dose to the mean rise in pulmonary artery pressure 
of 5 mm. Hg. Ten to 20 minutes after cessation of 
the nor-epinephrine infusion the pulmonary “capil¬ 
lary” pressures had fallen toward the original levels 
in all cases. The pulmonary arteriolar resistance 
showed no significant change in four subjects, a 
definite fall in three, and a. definite rise in two sub¬ 
jects. The pulmonary arteriolar resistances 
showed much less tendency then pulmonary artery 


table III 


The effect of l-nor-epinephrine upon cardiac output and heart rate 


Subject 

Before nor-epinephrine 

During nor-epinephrine 

After nor-epinephrine 

Cardiac 

Index 

Heart rate 

' Cardiac 

Index 

Heart rate 

Cardiac 

Index 

Heart rate 


L/sq. m./min. 

min. 

! L/sq. m./min. 

Per min. 

L/sq. m./min. 

per min. 

1. H. H. 39 W.M. 

3.0 

72 

2.9 

60 

3.8 

76 

2. S. M. 40 C.M. 

3.1 

66 

3.2 

SO 

3.3 

63 

3. H. P. 48 W.M. 

3.0 

64 

2.6 

SO 


68 

4. G. Y. 46 W.M. 

2.3 

82 

3.3 

65 

3.8 

88 

S. V. H. 27 W.M. 

3.2 

65 

3.3 

55 

3.9 

64 

6 . C. H. 49 C.F. 

3.4 

82 

3.4 

78 


86 

7. L. A. 43 W.M. 

4.3 

92 

3.5 

60 

4.7 

88 

8 . E. J. 43 C.M. 

3.3 

65 

3.4 

70 


80 

9. C. F. 50 C.M.* 

1.9 

45 

1.3 

38 

1.9 

50 

10. J. D. 42 C.M. 

2.7 

72 

2.5 

68 

3.0t 

68 t 

11. W. S. 26 C.M. 

3.6 

70 

2.6 

55 

* _ 1 

74 

12. E. B. 28 W.F. 

— 

98 


68 

_ 1 

1 



* Heavily sedated. 

t Second control before drug administration. 
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TABLE IV 


The effect of l-nor-epinephrinc upoti pulmonary "capillary” pressure and pulmonary arteriolar resistance 


Subject 

Before nor-epinephrine 

j ! 

j During nor*cpincplirinc ^ 

After nor-epinephrine 

P. C. 

Pulm. res. 

P. c. 

Pulm. res. 

1 

P. C. 

Pulm. res. 


mm. Hg 

dynes Isec.lcm.-^ 

mm. Jig 

dynes Isec./cm.-^ 

mm. Jig 

dynes!sec. jcm.-^ 

1. H. H. 39 W.M. 

10 

89 

17 

40 

12 

46 

2, S. M. 40 C.M. 

9 

95 

13 

95 

10 

90 

3. H. P. 48 W.M. 

7 

133 

9 

138 

5 

— 

4. G. Y. 46 W.M. 

11 

131 

17 

65 

12 

69 

5. V. H. 27 W.M. 

6 

66 

11 

37 

7 

Ti 

6. C. H. 49 G.F. 

9 

151 

15 

163 

6 

_ 

7. L. A. 43 W.M. 

9 

41 

12 

75 

6 

63 

8. E. T. 43 C.M. 

7 

114 

17 

122 


— 

9. C. F. 50 C.M. 

1 

14 

1 

202 

22 

326 

16 

333 


mean pressures to return toward the original level 
in those cases where they were altered. The ob¬ 
served elevation in pulmonary “capillary” pressure 
was significant statistically (p< 0.001) (Table 
11 ). 

Total peripheral resistance and heart rate 
{Tables III and V). A significant increase in 
total peripheral resistance (TPR) was found in 
nine of 11 subjects during the infusion of nor-epi- 
nephrine. There was no significant change in one 
subject, and a decline in resistance in another. 
The mean rise was 497 dynes/sec./cm.“® or 31^. 
The heart rate slowed in 11 of the 12 subjects. 
The one subject who did not show slowing (E. J.) 
demonstrated a further rise in heart rate after the 
cessation of nor-epinephrine, suggesting a masking 
of the drug effect by some extraneous factor. Both 


TABLE V 


The effect of l-nor-epinephrine upon total peripheral 
resistance 



Subject 

Before 

nor-epi¬ 

nephrine 

During 

nor-epi¬ 

nephrine 

After 

nor-epi¬ 

nephrine 



TPR 

TPR 

TPR 



dynes/ 

dynes/ 

dynes/ 



sec.fcm.-^ 

sec./cm.-^ 

sec,/cm.-‘ 

1. 

H. H. 39 W.M. 

1,223 

1,698 

1,119 

2. 

S. M. 40 C.M. 

1,727 

2,222 

2,160 

3. 

H. P. 48 W.M. 

1,918 

2,474 


4. 

G. Y. 46 W.M. 

1,704 

1,312 

1,188 

5. 

V. H. 27 W.M. 

1,787 

1,802 

1,478 

6. 

C. H. 49 C.F. 

1,539 

1,708 

_ 

7. 

L. A. 43 W.M. 

1,142 

1,609 

1,045 

8. 

E. J. 43 C.M. 

1,227 

1,502 

_ 

9. 

C. F. SO C.M. 

2,523 

4,557 

2,637 

10. 

J. D. 42 C.M. 

1,615 

1,976 

1,405* 

11. 

W. S. 26 C.M. 

1,170 

2,187 

— 


* Duplicate observations before drug administration. 


heart rate and peripheral resistance returned 
toward resting values 10 to 20 minutes after with¬ 
drawal of the l-nor-epinephrine. The observed 
bradycardia was statistically significant at the 
p < 0.001 level and the observed increase in total 
peripheral resistance was significant statistically 
at the p < 0.05 level (Table 11). 

Right atrial pressure, right ventricular end di¬ 
astolic pressure, and peripheral venous pressure. 
In each of three subjects in whom observations 
were made pressures within the right side of the 
heart rose during administration of the drug. In 
subject W. S. right atrial pressure was 29 mm. 
water in the resting state. During l-nor-epineph¬ 
rine administration, the pressure rose to 82 mm. 
water. After the drug was discontinued, right au¬ 
ricular pressure fell to 38 mm. water. In subject 
E. B., right ventricular end diastolic pressure rose 
from 5 mm. Hg to 14 mm. Hg during l-nor-epi¬ 
nephrine infusion. Right atrial pressure also rose 
during the drug infusion but unfortunately the 
pressure was not measured at its peak and the rise 
was less striking than that in the right ventricu¬ 
lar end diastolic pressure. In subject F. H. there 
was a striking rise in right atrial pressure during 
l-nor-epinephrine infusion (Figures 1 and 2). A 
peripheral venous pressure curve was obtained 
simultaneously with the right atrial and peripheral 
artery pressure curve in this subject (Figure 2). 
There was an approximately equal rise in pres¬ 
sure in the peripheral vein and right atrium ap¬ 
proximating 10 mm. Hg in the^ right atrium and 
11 mm. Hg in the peripheral vein, hlowever the 
peak pressure rise occurred earlier in the peripheral 
vein than in the right atrium (Figure ). 
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MEAN PRESSURE CHANGES IN RIGHT ATRIUM, FEMORAL ARTERY AND 
PERIPHERAL VEIN IN PATIENT EH. DURING L-NOR-EPINEPHRINE INFUSION 


I60i 


MEAN 

FEMORAL 

ARTERY 

PRESSURE 

tnm.Hg 


140- 

120 - 

100 - 

80- 



MEAN 

PERIPHERAL 
VENOUS 
PRESSURE 
mm. Hg 


20 

15 


10 -^ 


51 






ORUG BEGUN DRUG DISCONTINUED 


Fig. 1. 


TABLE VI 


Control subjects 




First resting study 



Second resting study 



1 

' BA 
mean 

' PA 
mean 

1 

PC 

mean 

CO 

1 

1 TPR 

Pulm. 

res. 

1 

BA j 
mean 

PA 

mean | 

1 

PC 1 
mean | 

CO 

TPR 

PuIm. 

res. 





L/min, 




1 

1 


L/min. 



1. R. J. 69 C.M. hyper¬ 
tension 

— 

16.8 

6.8 

3.6 

-- 

223 

— 1 

16.4 

1 

8.8 J 

3.4 

1 

181 

2, M, L. S2 VV.K. emphy¬ 
sema 

87.3 

20.8 

5.8 

3.6 

1,961 

337 

i 

90.3 

i 

21.5 

1 

5.1 

1 

3.5 

1 

2,092 ; 

1 

380 

3j, M. S. 49 W.M. mitral 
stenosis 

— 

53.8 

— 

3.7 

- 1 

— 

— 

49.5 , 


3.9 


— 

4. J. D. 48 C.M. bronchiec¬ 
tasis 

99.6 

— 

12,8 

4.9 

1,615 

— 

93.4 

— 

11.8 

5.3 

1,405 

— 

S. D. H. 6l W.M. cor 
pulmonale 

65.3 

38.4 

— 

4.4 

1,963 

— 

65.7 

36.3 

m 

4.2 

2,050 

— 

6 . F. B. IS C.F. sickle cell 
anemia 


18.6 


8.6 




16.8 

1 

i 

I 

i 


Mean pressures are e-vpressed in mm. Hg. 
Resistances are expressed in dynes/sec./cm"®. 
BA = brachial artery. 

PA = pulmonary artery. 

PC = pulmonary “capillary.” 

CO = cardiac output. 
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Section (a) is before 1-nor-epinephrine; (b) is at the peak response 13 minutes after beginning the in¬ 
fusion of 1-nor-epinephrine; (c) shows the return of pressure to resting levels 14 minutes after cessation 
of 1-nor-epinephrine infusion. In (a), mean femoral artery pressure is 111.6 mm. Hg; mean peripheral 
vein pressure is 8.4 mm. Hg; mean right atrial pressure is 4.2 mm. Hg. In (b), the mean femoral ar¬ 
tery pressure has risen to 141.2 mm. Hg; mean peripheral vein pressure, to 18.7 mm. Hg; mean right 
atrial pressure, to 14.2 mm. Hg. In (c) mean femoral artery pressure has fallen to 88.4 mm. Hg; 
mean peripheral vein pressure, to 6.3 mm. Hg; mean right atrial pressure, to 1.1 mm. Hg. 


In order to exclude changes in right atrial pres¬ 
sure as a cause of increased total peripheral re¬ 
sistance, the observed values for right atrial pres¬ 
sure should be subtracted from the brachial pres¬ 
sure in the formula. This could not be done be¬ 
cause right atrial pressures were not routinely 
measured. In one subject (W. S.) in whom this 
could be done, the systemic peripheral resistance 
was 1143 dynes/sec./cm."® before and 2082 dynes/ 
sec./cm.'® during 1-nor-epinephrine, showing an 
increase of 82%. 

In the six control subjects (Table VI), the 
second resting cardiac output varied less than 10% 
from the resting measurement. The mean varia¬ 
tion in pulmonary artery pressure was 1.7 mm. Hg. 
The observed variations in brachial artery pres¬ 
sure, pulmonary “capillary” pressure, total periph¬ 
eral resistance, and pulmonary arteriolar resistance 
are seen in Table VI. 

DISCUSSION 

The hemodynamic changes observed during an 
infusion of 1-nor-epinephrine consisted of increased 
pulmonary artery and brachial artery pressures, 
increased peripheral resistance, diminished cardiac 


output, and bradycardia, and confirm the observa¬ 
tions of Goldenberg (1). The bradycardia was 
also observed by Judson and co-workers (12). 

The mechanism of the increase in pressure in 
the pulmonary and peripheral arteries is not the 
same. There was a statistically significant eleva¬ 
tion in total peripheral resistance during 1-nor- 
epinephrine administration; on the other hand, in 
only two of the nine cases studied was there an 
increase in pulmonary arteriolar resistance. In 
one of these (C. F.) the pulmonary “capillary” 
pressure rose within the critical range of 20-25 
mm. Hg, at which level pulmonary resistance in¬ 
creases as a protective mechanism to prevent pul¬ 
monary edema (5). Thus it is quite probable that 
the rise in resistance in case C. F. was not a direct 
effect of 1-nor-epinephrine, but an effect secondary 
to the increase in pulmonary venous pressure. 
An increase in pulmonary “capillary pressure 
was observed in all cases following 1-nor-epineph- 
rine, and the mean increase was nearly the same 
as the mean increase in pulmonary artery pres¬ 
sure Therefore, the usual mechanism whereby 
1-nor-epinephrine produces pulmonary hyperten¬ 
sion in man is through an increase in pulmonary 
“capillary” or venous pressure. 
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The rise in pulmonary artery pressure following 
1 -nor-epinephrine infusion is due to a rise in left 
atrial pressure for the following reasons. First, 
there is no consistent rise in pulmonary arteriolar 
resistance after the drug, thereby excluding con¬ 
striction of the pulmonary arterioles as the mecha¬ 
nism of pressure elevation. Second, there is a 
significant correlation between the rise in the pul¬ 
monary artery and pulmonary "capillary” mean 
pressures during I-nor-epinephrine infusion (Table 
II). Third, there is a definite rise in pulmonary 
“capillary” pressure following 1-nor-epinephrine 
which implies a rise in pulmonary venous pres¬ 
sure and thus a rise in left atrial pressure. Fourth, 
there is a rise in right atrial pressure after the 
drug, which also implies a concomitant rise in left 
atrial pressure (13). 

One may speculate further as to the mechanism 
of elevation of right atrial pressure following 1-nor- 
epinephrine. Ranges and Bradley (14) and 
Bradley and Parker (15) in attempting to ex¬ 
plain the rise in right atrial pressure after pare- 
drinol and angiotonin, considered heart failure 
unlikely because there was no evidence of cardiac 
dilatation. They believed that an increase in ve¬ 
nous tone, decreasing the total volume of the vascu¬ 
lar system, might be responsible. Iglauer and 
Altschule (16) have shown that other sympatho¬ 
mimetic drugs—adrenaline and paredrine—in¬ 
crease the peripheral venous pressure. Ranges 
and Bradley also mentioned an increase in “cardiac 
tone” as the cause of the elevated right atrial pres¬ 
sure following angiotonin. 


TABLE VII 

Effect of l-nor-epinephrine upon A-V oxygen difference 
and upon stroke volume of the heart 


Subject 

Stroke volume (cc.) 

A-V difference 
{cc.JJOO cc. blood) 

Before 

1-nor- 

epinepbrine 

During 

l-nor- 

epinephrine 

Before 

1-nor- 

epinephrine 

During 

1-nor- 

epinephrine 

1. H. H. 

68 

81 

3.7 

4.5 

2. C. F. 

71 

58 

3.9 

5.5 

3. S. M. 

79 

108 

4.7 

5.7 

4. H. P. 

85 

94 

4.5 

5.2 

5. G. Y. 

53 

95 

4.7 

4.7 

6. V. H. 

78 

96 

3.2 

3.6 

7. C. H. 

70 

74 

4.0 

3.2 

8. L. A. 

86 

105 

2.7 

3.5 

9. E. J. 

IQQ 

94 

5.3 

4.4 

to. J. D. 

69 

67 

4.0 

4.1 

11. W. S. 

89 

82 

3.0 

4.6 


Although there was an increase in the mean 
A-V oxygen difference of 12^ in the subjects 
studied, there was also an increase in the mean 
stroke volume of 13% (Table VII). The changes 
in stroke volume and A-V oxygen difference were 
not significant statistically (Table II). There¬ 
fore it is believed that the decrease in cardiac out¬ 
put during I-nor-epinephrine infusion does not 
represent congestive heart failure (1). The strik¬ 
ing increase in peripheral venous pressure ob¬ 
served in Subject F. H., reaching its peak earlier 
than the peak rise in right atrial pressure during 
the 1-nor-epinephrine infusion, suggests that in¬ 
creased peripheral venous tone may indeed be re¬ 
sponsible for the rise in intra-atrial pressure by de¬ 
creasing the capacity of the vascular system. The 
change here is quite unlike that in congestive heart 
failure, where the gradient between pressure in 
peripheral veins and right atrium is diminished 
rather than increased (17), the pressure in the 
two sites often becoming almost equal as the pres¬ 
sure rises. 

One must also consider the possibility that 
peripheral venous constriction is the mechanism 
primarily responsible for the hypertension induced 
by I-nor-epinephrine in the systemic circuit. 
Since a rise of 20 mm. Hg, the observed mean ele¬ 
vation in mean peripheral arterial pressure, was 
much greater than any of the measured increases in 
mean right auricular pressure (this relationship 
holding true in the three cases where both pres¬ 
sures were determined) and since the cardiac out¬ 
put is decreased or unchanged after 1-nor-epineph¬ 
rine, one is justified in stating that there is definite 
increase in systemic peripheral resistance during 
administration of the drug. In one case where 
systemic peripheral resistance was calculated, there 
was a striking increase of 82% during 1-nor- 
epinephrine. Thus one may conclude that arterial 
or capillary constriction contributes to the observed 
increase in total peripheral resistance despite the 
rise in right atrial pressure. 

SUMMARY AND CONCLUSIONS 

The hemodynamic response of 13 subjects to 
the infusion of I-nor-epinephrine was studied. 
During 1-nor-epinephrine infusion, the following 
changes occurred: a statistically significant mean 
rise in pulmonary artery pressure; a significant rise 
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in mean brachial artery pressure; a decrease in the 
cardiac output in five subjects, remaining un¬ 
changed in five. There was a statistically signifi¬ 
cant mean rise in pulmonary “capillary” pressure. 
There was a statistically significant increase in 
total peripheral resistance. There was no signifi¬ 
cant increase in pulmonary arteriolar resistance. 
There was a definite and marked rise in right 
atrial pressure in each of three subjects. 

It is concluded that the pulmonary hypertension 
seen during the administration of 1-nor-epinephrine 
is not due to constriction of the pulmonary ar¬ 
teries, but rather to an increase in pulmonary ve¬ 
nous pressure; it is also concluded that 1-nor-epi¬ 
nephrine produces constriction of peripheral ar¬ 
teries or capillaries as well as peripheral veins. 
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INTRODUCTION 

The metabolic significance of the adenine nucleO' 
tides (1,2) and the reports of the therapeutic ac- 
tion of muscle adenylic acid and adenosine triphoS' 
phate in various pathological states (3-12) has 
stimulated interest in the possible mechanism of ac^ 
tion in these compounds. 

Recently a rapid reliable method was developed 
by one of us (13) for measuring total adenine, 
adenylic acid (AMP), adenosine diphosphate 
(ADP) and adenosine triphosphate (ATP). We 
have applied this method to the study of blood since 
it is the only human tissue which can be cod'. 
veniently studied. 

Before studies could be undertaken on pathologic 
bloods, we felt that normal bloods should be ex¬ 
amined for total nucleotide content as well as for 
possible content of adenylic acid, adenosine diphos¬ 
phate and adenosine triphosphate. That adenine 
nucleotides are present in blood has been known 
since 1914. The first completely adequate quanti¬ 
tative data are those of Buell in 1935 (14) who es¬ 
timated total nucleotide nepheloraetrically after 
precipitating with uranium and then silver, from 
a neutralized trichloracetic acid filtrate. Apart 
from describing the procedure itself, Buell reported 
that the nucleotides are present principally in the 
red cells (indeed the value varies with the hemato¬ 
crit) ; that the level for any one individual over a 
period of several months is fairly constant, and 
that the average value for males is about 11.5 
mgm.% and for females 10.0 mgm.% (expressed 
as adenine). 

Our interest, as indicated above, was not only in 
the total nucleotide, but also in the constitution of 
the nucleotide. We also felt that the Buell pro¬ 
cedure for estimating nucleotides was much too 
cumbersome. We, therefore, concentrated our at¬ 
tention on the preparation of filtrates which could 
be assayed directly. 

^ This work was supported by a grant to Brooklyn Col¬ 
lege from the Ernst Bischoff Company, Ivoryton, Conn. 


The procedure used in our work is a spectro- 
photometric assay on perchloric acid filtrates, using 
in modified form the enzyme techniques of Kalckar 
(15-17). 

In addition to presenting observations on the 
concentration of the various nucleotides on a group 
of four normal subjects (three men and one 
woman) over a period of about eight months, data 
will be presented on the effects of intramuscuJar 
injections of muscle adenylic acid, adenosine tri¬ 
phosphate and yeast adenylic acid on the levels of 
the above compounds. 

ANALYTICAL PROCEDURE 

a) Estimation of total adenine 

Total adenine nucleotide was assayed by drawing blood, 
initially under oxalate, and immediately deproteinizing 1 
ml. with 4 volumes of cold 2% perchloric acid. The pro¬ 
tein precipitate was washed with an additional volume of 
cold 2% perchloric acid. The combined supernatant solu¬ 
tions collected after centrifugation were adjusted to pH 
7.0 and made to a final volume of 10 ml. One ml. of fil¬ 
trate was added to a tube containing 3.5 ml. H-O and 0.5 
ml. M/10 phosphate buffer at pH 7.4. The resulting solu¬ 
tion when read in the spectrophotometer shows an ab¬ 
sorption maximum at 258 mM, corresponding to the ab¬ 
sorption maximum of adenine nucleotides in perchloric 
acid. Total nucleotide was calculated as adenine using 
muscle adenylic acid as a standard. 

b) Estimation of AMP, ADP and ATP 

Adenylic acid, adenosine diphosphate and adenosine 
triphosphate were assayed in the same filtrates according 
to the procedure described by Albaum and Lipshitz (13), 
in the following way: One ml. aliquots of the filtrate were 
placed in three separate tubes. Into the first tube 0.5 ml. 
0.1 M malonate buffer pH 5.9, 0.03 ml. of adenylic acid de- 
.minase (containing IS /*gm. protein N) and water to make 
a final volume of 5.0 ml. were pipetted and the change in 
density in the spectrophotometer at 265 nu* recorded at 
the end of 10 minutes. The second tube received buffer, 
water, 0.1 ml. MgCl- (10 mgm./ml.), 0.01 ml. myokinase 
(containing 4 nsm. protein N) and deaminase and again 
the change in density at 265 nut was recorded at the end of 
10 minutes. To the third tube was added buffer, water, 
MgCl., myokinase, 0.1 ml. 0.5 M glucose, 0.01 ml. hex- 
okinase (containing 7 Aigm. protein N) and the deaminase 
and once more the change in density determined. Any 
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change in tube 2 over that occurring in tube 1 is due to 
the presence of ADP. Since only 1 mole of AMP is 
formed from 2 moles of ADP, the difference between 
tubes 1 and 2 is multiplied by a factor of 2. The third 
tube records the change in density due to AMP, ADP and 
ATP. Since the concentration of AMP and ADP are 
now known (by reading the adenine due to these com¬ 
pounds from a standard curve derived from the change 
in density of known concentrations of these nucleotides) 
and the total adenine is known from tube 3, the difference 
between the AMP and ADP adenine and the total adenine 
gives the value for the ATP adenine. 

The reactions discussed above are represented by the 
following equations: 

adenylic acid deaminase 

(1) AMP- > Inosinic Acid 

myokinase 

(2) 2ADP -ATP + AMP 

hexokinase 

(3) ATP + glucose - > ADP + glucose-6- 

phosphate 

Before experiments were undertaken on the distribution 
of the compounds, several preliminary runs were carried 
out to see whether the method as described was reliable, 

i.e., could added nucleotide be recovered and measured? 
The results of one such experiment are shown in Table 
I. The total nucleotide accountable for as AMP, ADP 
and ATP in this sample of blood was 6.4 Mgm. It is ap¬ 
parent that added ATP can be recovered indicating that 
the method is reliable. 

Early in our studies on the concentration of the various 
nucleotide fractions in oxalated human blood, it was 
found that ATP content decreased significantly within 
the first hour, though not in the first five minutes. For 
this reason, in the early work which was done on oxalated 
blood, the samples were pipetted into perchloric acid within 
one minute of withdrawal. To avoid the inconvenience 
of this procedure, the stability of the nucleotide in heparin¬ 
ized blood was investigated. Table II shows the percent¬ 
age of total purine found in the ATP, AMP and ADP 
fractions, respectively, in freshly drawn blood, and in the 
same blood samples after 90 minutes. The experiment was 
run at room temperature and at 37° C. in the presence of 
a mixture of potassium oxalate and ammonium oxalate, 
of which the oxalate concentration was 112 mgm. %, and 
in the presence of 5 mgm. % of heparin. It is clear that 
the ATP is very significantly split to ADP and AMP in 
oxalated blood, while it is quite stable in the heparinized 
blood. 

Adenylic acid deaminase (Schmidt’s deaminase) was 

TABLE I 

Recovery of ATP when added to perchloric acid filtrate 

of blood 

1. Total AMP, ADP, and ATP found in blood sample = 
6.4 

2. ATP added to blood sample = 8.2 /^gm. 

3. Total AMP, ADP, and ATP in blood and added ATP 

calculated (1-1-2) = 14.6 Mgm. 
found = 14.3 Mgm. 


TABLE II 


Effect of standing on adenine 7iucleotides in blood 


1 



% of total purine as 

Temper- 


Time 




ature 


ATP 

AMP 

ADP 

1 



min. 





O.valated blood 

0 

68 

0 

0 



90 

15 

28 

25 

Room 

Heparinized blood 

0 

58 

0 

0 


90 

59 

0 

4 


O.xalated blood 

0 

40 

0 

5 



90 

12 

20 

7 

37° C. 

Heparinized blood 

0 

: 39 

0 

5 


90 

44 

0 

0 


prepared according to the method of Kalckar (15) ; myo¬ 
kinase, according to Colowick and Kalckar (18); he.xo- 
kinase was prepared in partially pure form according to 
the method of Berger, Slein, Colowick and Cori (19) 
through step No. 3 (fractionation with ethanol at 0° C.) 
of the isolation procedure. The enzymes were kept in a 
deep freeze and were found to be stable over long periods 
of time. 

Muscle adenylic acid used for injection was supplied by 
the Ernst Bischoff Co., Ivory ton. Conn, as My-B-Den (1 
ml. ampules containing 20 mgm. as the sodium salt). In 
some experiments ampules containing 100 mgm./ml. were 
used. ATP was also obtained from the Ernst Bischoff 
Co. and was administered as a solution of the sodium salt. 

EXPERIMENTAL 

Total nucleotide content of blood 

The total nucleotide content of the blood of the 
four subjects used in the experiments expressed 
as mgm. % adenine are shown in Figure 1 (closed 
circles). Several conclusions may be drawn from 
these data: 1.) While there is some variability in 
total nucleotide, the levels remain fairly uniform 
over a period of about eight months. The variabil¬ 
ity is no greater than one finds in the levels of other 
blood constituents under normal conditions. 2.) 
The levels obtained are similar to those obtained 
by Buell using the nephelometric procedure, so 
that we appear to be measuring the same thing that 
Buell measured. 

NHcleotide present as AMP, ADP and ATP 

That portion of the total nucleotide accountable 
for as AMP, ADP and ATP is also shown in Fig¬ 
ure 1 (open circles). It is immediately clear that 
the level of these compounds shows considerably 
more variation than does the total nucleotide. 



They may vary anywhere between 30 and 90^ of 
the total nucleotide. Some of the early samples 
were collected before breakfast, the later ones after 
breakfast; and there appeared to be no consistent 
difference. 

To further illustrate the difference in variability 
between the values for the total purine and those 
for the known nucleotide (AMP, ADP and ATP) 
we have calculated the mean, standard deviation 
and coefficient of variability for a large number of 
individual determinations (n = 78). For the total 
purine the following values were obtained; m = 
10.5 mgm.%, the standard deviation 0.84, the co¬ 
efficient of variability 8.0^. The corresponding 
values for the known nucleotide were m = 6.0 
mgm.%, the standard deviation 1.58, and the co¬ 
efficient of variability 26.5%. 

Effect of injection of adenylic acid 

The fact that the amount of nucleotide present 
as AMP, ADP and ATP is variable from day to 
day (see Figure 1), and that the total nucleotide 
remains fairly uniform, suggests that the former 
are individually in some kind of loose equilibrium 
with the total nucleotide. Can this equilibrium 
be shifted, e.g., by the injection of adenylic acid? 
In these experiments 20 mgm. ampules of muscle 
adenylic acid as the sodium salt (My-B-Den) were 
used. Blood was taken from the antecubital vein, 
and immediately thereafter the contents of an 
adenylic acid ampule were injected into the other 
arm intramuscularly. Additional blood samples 
were withdrawn from the first arm 30, 60 and 90 
minutes after the injection. The results of three 
typical runs are shown in Table III. It should be 
noted that most of the blood samples contained 
ADP and ATP, but no adenylic acid initially. Af¬ 
ter injection in all cases the ADP decreased and the 
ATP increased. The ATP level in two of the three 
cases began to fall at the end of 60 minutes and 
adenylic acid appeared. The total purine account¬ 
able for as AMP, ADP and ATP approached the 
value for the total nucleotide. In many cases the 
increases obtained in the known AMP, ADP and 
ATP fractions were not as marked as those shown, 
but they almost always occurred. In one case no 
increase was obtained in the first run, though in a 
subsequent run it did occur.- 

- Since this paper went to press, the response of five 
additional normal subjects to the injection of muscle 
adenylic acid was tested. Pour of the five showed a re¬ 
sponse similar to that in Table III. One subject showed 
no change in blood nucleotide. A later run on the same 
subject also gave a negative response. 




Fig. 1. Total Pokine (Closed Ciecles) and Nu¬ 
cleotides Pbese.vt as amp, ADP and ATP (Open- 
Circles) FOR A Group of Four Subjects (Three LIen 
AND One Woman) over a Period of Eight Mo.vths 
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TABLE HI 


Effect of intramuscular injection of 5-adenylic acid: 20 mgnt. 
(My-B-Den) on blood nucleotides (AMF, ADP, ATP) 


Time 

(.minutes) 

AMP 

1 

ADP 

j 

ATP 

1 

Total 

AH 1/18/50- 

Total purine 9.2 mgm. 

% 

0 

1 

0.0 ! 

6.5 

1.7 

8.2 

30 

0.0 1 

4.5 

4.3 

8.3 

60 

0.0 i 

0.8 

8.0 i 

8.8 

90 

1.2 ! 

0.0 

] 

8.0 1 

9.2 


HA 1/20/50—Total purine 10.2 mgm. % 


0 

0.0 

4.1 

1.0 

5.1 

30 

0.0 


4.4 

7.8 

60 

0.0 

0.0 

10.0 

10.0 

90 

2.4 

0.0 

7.1 

9.5 

MB 1/23/50—Total purine 11.2 mgm. 

% 

0 

0.0 

3.7 

3.3 

7.0 

30 

0.0 

3.4 

6.8 

10.2 

60 

0.0 

2.5 

7.6 

10.1 

90 

1.1 

3.4 

4.0 

8.5 

BS 3/13/50—Total purine 10.0 mgm. 

% 

_ 0 

0.0 

0.0 

4.1 

4.1 

30 

0.0 

0.0 

7.7 

7.7 

60 

0.0 

0.0 

9.1 

9.1 

90 

0.0 

0.0 

7.7 

7.7 


The magnitude of the increases obtained was en¬ 
tirely out of proportion to the amount of adenylic 
acid injected. The increase in concentration of 
nucleotide expected if all of the injected nucleotide 
were simultaneously to appear in the blood would 

TABLE IV 


Effect of intranmscular injection of 5-adenylic acid: 100 mgm. 
(My-B-Den) on blood nucleotides 


Time 

Oninntes) 

AMP 

, ADP 

, ATP 

Total 

HA 3/1/50 Initial total purine 10.1 mgm.—30 minute 
total purine 11.2 mgm. % 

_ 0 

0.0 

0.9 

5.7 

6.6 

30 

0.2 

0.0 

9.0 

9.2 

60 

0.3 

0.0 

7.2 

7.5 

90 

0.0 

0.9 

5.9 

6.8 

iVIB 2/31/50 Initial total purine 10.2 mgm 
minute total purine 12.0 mgm. % 

. %—30 

0 

0.5 

0.0 

6.1 ' 

6.6 

30 

0.0 

0.0 

9.6 

9.6 

60 

0.3 

0.5 

8.3 

9.1 

90 

0.3 

4.6 

4.3 

9.2 


TABLE V 


Effect of intramuscular injection of 3-adenylic acid (yeast): 
20 mgm. on blood nucleotides 


Time 

(minutes) 

! AMP 

1 

1 

ADP 

ATP 

issiil 

RS 

Total purine—12.1 mgm. % 


0 

0 

0 

9.0 

9.0 

■^30 

0 

0 ’ 

9.0 1 

9.0 

60 

0 

0 

9.3 j 

9.3 

90 

0 

0 ! 

1 

1 

9.3 ! 

1 

9.3 

Lie 

Total purine—8.2 mgm. % 


0 

0 

0 

4.2 

4.2 

30 

0 

0 

4.5 

4.5 

60 

0 

0 

4.8 

4.8 

90 

0 

0 

4.8 

4.8 


not exceed 0.1 to 0.2 mgm.%. The effect, there¬ 
fore, appears to be an indirect one of some kind. 
This is further indicated by the fact that when a 
100 mgm. dose of muscle adenylic acid was in- 

TABLE VI 


Blood cell levels of adenine nucleotides after addition of 
5-adenylic acid (10 mgm. %) to whole blood in vitro 


Time 

(minutes) 

1 1 

AMP 

ADP 

1 

ATP 

(wifiJrt. %) 

0 

Control 

0.0 

0.0 : 

5.9 


Experimental 

0.0 i 

0.0 

5.8 

1 

Control 

Experimental 10 mgm. 

0.0 1 

0.0 

5.5 


% AMP 

0.0 

0.0 

5.3 

3 

Control 

0.0 

0.0 

5.2 


Experimental 

0.0 

0.0 

5.3 

15 

Control 

0.0 

0.0 

5.8 


Experimental 

0.0 

0.0 

5.8 


jected (see Table IV), the increase obtained was 
no greater than that obtained with the 20 mgm. 
dose. With the 100 mgm. dose there was a transi¬ 
tory increase in total purine which was not ob- 

TABLE vn 


Effect of intranniscTilar injection of ATP 
(equivalent to 20 mgm. AMP) 


Time 

(minutes) 

AMP 

ADP 

ATP 

Total 
(mgm. %) 

AH Total purine — 10.1 mgm. % 

"*30 

60 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.3 

7.0 

7.9 

7.2 

i 

1 5.3 

1 7.0 

7.9 

7.2 
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TABLE VIII 

In vitro destruction of ATP by whole blood—ATP 
added, 5.2 mgm. % 


Time 

A.MP 

ADP 

ATP 

0 

0.7 

0.0 

4.5 

15 

1.3 

0.6 

3.3 

30 

1.3 

0.9 1 

3.0 

60 

1.8 

0.6 

2.8 

90 

3.0 

0.0 

2.2 


served with the 20 mgm. dose. Within 60 minutes 
the level had returned to normal. 

The possibility that the observed effects of 
muscle adenylic acid on blood nucleotide levels 
was due to psychogenic or other adventitious fac¬ 
tors, was excluded by the results of experiments 
carried out under identical conditions, but substi¬ 
tuting yeast adenylic acid for muscle adenylic acid 
(Table V). 

That the effect of the injected adenylic acid was 
an indirect one was demonstrated by adding AMP 
directly to whole blood. The experiment was car¬ 
ried out in the following way. Blood was removed 
under heparin from the antecubital vein of one of 
the subjects. Ten ml. of this blood were placed in 
each of two tubes. One ml. from each tube was re¬ 
moved and centrifuged; the plasma was poured 
off and the cells deproteinized as before. The fil¬ 
trates were assayed for AMP, ADP and ATP. 
To one of the blood samples was then added suffi¬ 
cient AMP to produce an increase of nucleotide of 
10.0 mgm.%. At the end of one, three and 15 
minutes, 1 ml. samples were removed, centrifuged 
and deproteinized as before and once more AMP, 
ADP and ATP were determined. 

The results are shown in Table VI. It is apparent 
that not only does added AMP produce no effect 
on the distribution of other nucleotides in the cell, 
but it does not even appear to penetrate the red 
blood cell. Experiments carried out over a longer 
time interval gave similar results. 

The injection of ATP in a dose containing the 
same adenine content as a My-B-Den ampule yields 
results which are similar to that obtained with the 
latter compound (Table VII). That the effect in 
this case may be due to the adenylic acid in ATP, 
rather than ATP itself is suggested by the obser¬ 
vation that ATP placed in contact with blood is 
rapidly split (Table VIII). 


DISCUSSION 

In spite of the importance of the adenine nucleo¬ 
tides in so many critical life processes, this is the 
first report which presents data on the relative 
concentration of the different nucleotides in human 
blood. It is now possible to compare these values 
with corresponding values in different pathologi¬ 
cal states. Such experiments are already in prog¬ 
ress. 

From a medical standpoint it would be of great 
interest to know whether the reported clinical ther¬ 
apeutic effects of adenylic acid as well as earlier 
reports on ATP, are mediated through effects of 
this type. It would be especially interesting to 
know whether changes similar to those in the blood 
cells occur in other cells of the body (myocardium, 
central nervous system, nerves, glands, etc.), and 
whether, perhaps, the as yet unexplained actions 
of substances other than adenylic acid may operate 
through similar mechanisms. Comparison of the 
behavior of the adenine nucleotides in normal in¬ 
dividuals with similar processes in various disease 
states may explain some of the puzzling phenom¬ 
ena in clinical medicine, and may possibly provide 
a mechanism for some of the “diseases of unknown 
etiology.” 

One point bears special emphasis: the lability of 
the equilibrium of the total nucleotide. We have 
shown that under certain conditions we can shift 
the balance in favor of ATP. Very recently Leder, 
Perlzweig, and Handler (20) have shown that 
when nicotinamide is added to washed erythrocytes, 
an eight to ten fold increase occurs in a pyridine 
nucleotide which behaves like DPN in a fluoro- 
metric assay. Since DPN contains adenylic acid, 
the latter must be derived from the same labile res¬ 
ervoir which under our conditions is converted to 
ATP. This indicates that the nucleotide may be 
“shifted” to compounds other than ATP under 
appropriate conditions. 

SUMMARY 

1. A technique is described for measuring the 
total adenine nucleotide as well as the adenylic 
acid, adenosine diphosphate, and adenosine tri¬ 
phosphate content of blood. The total nucleotide 
remains fairly uniform over long periods of time, 
while the known nucleotide (AMP, ADP and 
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ATP) shows considerable variation from week 
to week. 

2. In freshly drawn blood the level of known 
nucleotide is maintained for at least 90 minutes 
when the blood is drawn under heparin; when 
drawn under oxalate, the ATP is rapidly converted 
to ADP and AMP. 

3. The magnitude of the ATP level of blood is 
increased by the intramuscular injection of My-B- 
Den (muscle adenylic acid) and ATP, but not by 
yeast adenylic acid. The effect obtained appears 
to be an indirect one since larger doses produce 
no more of an increase than do lower doses. That 
the effect is indirect is further borne out by the 
observation that nucleotide (AMP) added directly 
to blood does not appear to enter the cells. 
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It has been demonstrated chemically that the io¬ 
dine bound to proteins of the serum is predomi¬ 
nantly composed of thyroxine (1-4). The concen¬ 
tration of this protein-bound or serum precipitable 
iodine (SPI) appears to be closely correlated with 
the activity of the thyroid gland (5-7). It is prob¬ 
ably the most precise clinical criterion of such ac¬ 
tivity that has yet been extensively employed. It 
is, therefore, generally conceded that SPI ordinar¬ 
ily represents circulating thyroid hormone. In 
studies of medically treated hyperthyroid patients, 
however, a number of values for SPI proved un¬ 
expectedly high in comparison with other meas¬ 
ures of thyroid activity (5, 7). Danowski and 
associates (8-10) reported that SPI of normal in¬ 
dividuals and pregnant women rose after the ad¬ 
ministration of potassium iodide. It had also been 
discovered that certain iodine-containing com¬ 
pounds commonly used for diagnostic and thera¬ 
peutic purposes formed combinations with the pro¬ 
teins of the serum and therefore were measured 
with SPI (11). For these reasons it seemed de¬ 
sirable to examine more closely the nature of SPI 
and to find a more specific measure of circulating 
thyroid hormone. 

Taurog'and Chaikoff (4) utilized N’-butanoI to 
extract thyroxine-like compounds from serum. 
This solvent, originally employed by Leland and 
Foster (12), can be freed from diiodotyrosine and 
inorganic iodine by means of an alkaline reagent 
suggested by Blau (13). Taurog and Chaikoff 
(4) found that 73 to 93 per cent of the iodine of 
normal plasma behaved like thyroxine inasmuch 
as it remained in butanol extracts after these had 
been washed with Blau’s reagent. Danowski and 
associates (8-10) compared the iodine extracted 
by butanol with SPI in the sera of normal individu¬ 
als, pregnant women, and persons taking potas¬ 
sium iodide. The mean value for iodine ex- 
traced by butanol in the sera from 23 healthy 

^This investigation was supported (in part) by a re¬ 
search grant from the U. S. Public Health Service. 


males and nonpregnant females and 21 preg¬ 
nant women amounted to 69 per cent of SPI 
(10). In five normal persons the ratio, butanol- 
extractable iodine (BEI) : SPI varied from 0.65 
to 0.82 (8). BEI remained unchanged after the 
administration of potassium iodide, but both SPI 
and inorganic iodine increased (8, 9). 

By a simplification of the procedure of Taurog 
and Chaikoff (4), BEI of a series of subjects of 
varied categories has been measured and compared 
with SPI. 

METHOD FOR DETERMINATION OF BUTANOL-EX¬ 
TRACTABLE IODINE 

Apparatus 

Pyrex centrifuge tubes with heavy glass walls contain¬ 
ing 25 cc. below a ground glass stopper. Holes in both 
the stopper and tube serve as an outlet for compressed 
butanol vapor. 

Apparatus for digestion, distillation and colorimeter 
recordings of micro SPI procedure (6). 

Reagents 

Sulfuric acid 10 per cent by volume. 

N-Butanol, analytical reagent 

Sodium hydroxide 4 AT., to each liter of which are added 
50 gm. of anhydrous sodium carbonate (4, 13). 

Reagents for digestion, distillation and colorimetry of 
micro SPI procedure (6). 

Procedure 

To 1 cc. of serum, mixed with 0.2 cc. of 10 per cent 
HjSO, in the special centrifuge tubes, are added rapidly, 
in a fine stream, 5 cc. of butanol during continuous shak¬ 
ing. The mixture is shaken without the stopper to pre¬ 
vent loss around the ground glass joint The tube is 
centrifuged at 2,000 r.p.m. for exactly eight minutes to 
insure a firmly packed precipitate which can be completely 
dispersed in subsequent portions of butanol. 

After centrifugation the butanol is siphoned into a 
second centrifuge tube through a glass tube of such short 
length and small diameter as to prevent loss of butanol. 
To the precipitate in the original tube are added 4 cc. of 
butanol. Before tightening the stopper, excess vapor in 
the tube escapes through the vent After vigorous shaking 
the stopper is removed cautiously to prevent loss of bu¬ 
tanol. When the mixture has been centrifuged for five 
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minutes the second portion of butanol is siphoned into 
the tube containing the original butanol extract. A third 
portion of 3 cc, of butanol is added to the precipitate. 
Shaking, centrifugation for 10 minutes and siphoning are 
repeated as for the second extract. 

To the combined three portions of butanol is added an 
approximately equal volume of 4 N. sodium hydroxide 
containing 5 per cent sodium carbonate. After vigorous 
shaking the stopper is removed cautiously to prevent loss 
of butanol. The mixture is centrifuged at 2,000 r.p.m. 
for at least 12 minutes. 

The lower layer of alkali is then removed by suction 
or siphoning through a tube of small diameter equipped 
with a stopcock which permits the tube to be inserted 
through the butanol layer for the removal of the alkali 
without admitting any butanol in the tube. Two addi¬ 
tional extractions with the alkaline reagent are performed 
in a similar manner. Finally, a fourth portion of the 
reagent is added. After shaking, the layers are either con- 
trifuged or allowed to separate overnight. 

The butanol is drawn, with suction, into an iodine di¬ 
gestion flask (6). When all but a one-quarter inch layer 
of butanol has been removed, the ground glass stopper is 
held above the centrifuge tube and washed with 3 to 4 
cc. of butanol. This final portion of butanol is then 
added to the flask containing the original extract These 
final 3 to 4 cc. of butanol permit the removal of most of 
the thin butanol layer remaining after the first suction 
without admission of any of the alkali and also wash the 
original butanol extract from the inside of the siphon 
tube. 

The butanol is then evaporated to dryness in a boiling 
water bath with suction applied through wide glass tubes 
inserted in the necks of the flasks. The dried material is 
freed from the inside of the flask by adding 5 to 8 cc. of 
double distilled water. Eight cc. of 2 N. potassium per¬ 
manganate and 18 cc. of 27 AT. sulfuric acid are added 
and determination of iodine is conducted as in the steps for 
digestion, distillation and measurement of SPI (6). 

The reagent blank is determined by extracting a mix¬ 
ture of 12 cc. of butanol and 0.2 cc. of 10 per cent sul¬ 
furic acid with the alkaline reagent in the same manner 
used in treating the butanol extract of serum. The bu¬ 
tanol is extracted four times. After evaporation of the 
butanol, the visible residue of alkali is loosened by adding 
5 to 8 cc. of water before the addition of a definite quan¬ 
tity of potassium iodide or iodate. The necessity of add¬ 
ing a known quantity of potassium iodide for the determi¬ 
nation of an accurate blank has been discussed (6). The 
blank with the reagents employed has varied from 0.4 to 
1.3 gamma per cent of iodine. It appears to arise from 
both the butanol and the alkali. 

Notes 

Considerable difficulty was encountered in extracting 
serum with butanol until a pH of 3.5 to 4.0 was obtained 
by adding sulfuric acid, using liquid brom phenol blue as 
an indicator. This pH is the same as that used by Taurog 
and Chaikoff (14, IS) and Rail (3) to extract thy¬ 
roxine from an alkaline extract of thyroid gland. In the 


actual determination no brom phenol blue is used since 
it has been found that addition of 0.2 cc. of 10 per cent 
sulfuric acid gives the correct pH with 1 cc. portions of 
scrum. 

In Taurog and Chaikoff’s (4) method the 45 cc. of 
butanol extracts of 3 cc. of plasma were washed with 50 
cc. of alkaline reagent in separatory funnels. Decrease of 
the volume of I cc. of scrum permits centrifugation and 
reduces the time required to layer the solutions. Pre¬ 
liminary separation of the organic from the inorganic 
iodine in serum by wasiiing the precipitated proteins and 
using the washed precipitate is not necessary in this 
method. Values obtained by extracting untreated serum 
were tlie same as those obtained by extracting the washed 
zinc hydroxide precipitate of the same serum. For ex¬ 
ample, BEI’s obtained from untreated scrum were 7.2 and 
7.3 gamma per cent, whereas BEI's obtained from the 
washed protein precipitate of the same serum were 7.8 
and 6.9 gamma per cent (average 7.3 gamma per cent). 

RESULTS 

Recovery of thyroxine. Thyroxine, diiodoty- 
rosine and inorganic iodide were added to bu¬ 
tanol or to sera. The quantities of thyroxine 
added were of the magnitude that might be ex¬ 
pected in sera from normal subjects or patients. 
The mixtures were then analyzed for BEI by the 
method described above. The sera were also ana¬ 
lyzed by the same method before the additions. 
The results of these experiments appear in Table I. 
Multiple measurements were made to ascertain the 
extent of analytical variation. 

Of thyroxine added to butanol in aqueous solu¬ 
tion (Experiments 1 to 4) 93 to 102 per cent was 
recovered. When thyroxine was added to sera 
(Experiments 5 to 8), the increment recovered 
amounted to 88 to 103 per cent of the thyroxine 
added. The addition of large amounts of diiodo- 
tyrosine (Experiments 4 and 10) or a massive 
quantity of inorganic iodine (Experiment 9) did 
not affect these recoveries. Both diiodotyrosine 
and inorganic iodine appeared to be quantitatively 
removed by the washing with alkali. It had been 
shown earlier (16) that a fraction of diiodotyrosine 
adheres to protein, which is not removed by the 
method of washing employed in the measurement 
of SPI. 

Although recoveries have been expressed in 
terms of per cent, there is nothing in these experi¬ 
ments to indicate that any .precise fraction of 
thyroxine is recovered or lost. The differences be¬ 
tween theoretical and analytical values in no in¬ 
stance exceed analytical errors; nor are they pro- 
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TABLE I 


Recovery of thyroxine iodine by butanol extraction* 


Calculated iodinct 

No. 

determinations 

Determined BEI 

Iodine 

recovered 

Serumt 

Thyroxine 

i Total 

Min. 

Max. 

Aver, 

y % 

r % 

! y% 


■DBi 

y% 

7 % 

% 

0 

5.3 

' 5.3 

3 


5.1 

5.1 

96 

0 

8.5 

8.5 

7 

7.3 

8.3 

7.9 

93 

0 

10.6 

10.6 

2 

10.2 

10.6 

10.4 

98 

0 

10.4 

10.4§ 

2 

10.5 

10.7 

10.6 

102 

3.5 

7.6 

11.1 

2 

9.4 

10.2 

9.8 

88 

4.6 

4.8 

9.4 

3 

8.2 

9.0 

8.6 

91 

4.0 

7.5 ; 

11.5 

3 

10.5 

10.5 

10.5 

91 

3.8 ' 

8.0 ' 

11.8 

3 

11.5 

12.5 

12.2 

103 

4.2 

0 

4.211 

3 

3.8 

3.9 

3.9 

93 

3.8 

0 

3.8§ 

3 ! 

2.9 

] 

4.0 

3.6 

1 

95 


* The thyroxine was given by Squibb Co. for investigational purposes. The iodine content by Squibb’s analytical 
report was 64,4 per cent. 

11 cc. samples were used for analyses, 
t Calculated from BEI of original serum. 

§ 32.0 gamma per cent diiodotyrosine iodine added. 

(I 22.4 gamma per cent diiodotyrosine iodine and 1,000 gamma per cent inorganic iodine added to serum with an 
SPI of 4.2 gamma per cent. Since the patient was receiving no iodine nor thio drug, the original serum was not subjected 
to butanol extraction. 


portional to the amounts of iodine in the samples. 
It would be improper to conclude from these ex¬ 
periments that recovery was not complete. It may 
be that a small quantity, of the order of 0.4 gamma 
per cent, is lost in the course of the procedure. 

BEI and SPI of normal serum. Duplicate or 
triplicate measurements of BEI and SPI in the 
sera of six normal individuals are presented in 
Table II. The difference, SPI — BEI, varied 
from 0 to 1.3 gamma per cent, averaging 0.6 gamma 
per cent. These differences again are of doubtful 
significance and not correlated with the amount of 
iodine present. The consistency with which SPI 
exceeds BEI in these and other experiments sug¬ 
gests, however, that the extractable iodine retained 
by butanol is actually slightly smaller than the SPI. 

BEI a7td SPI of imtreated patients. In Table 
III BEI and SPI of 17 patients with a variety of 


TABLE II 

SPI and BEI in normal individuals 


Subject 

Sex 

SPI 

BEI 

SPI-BEI 



r% 

r% 

r% 

H 

F 

6.2 

4.9 

1.3 

C 

F 

4.1 

4.1 

0 

F 

F 

5.3 

4.0 

1.3 

A 

M 

6.7 

6.4 

0.3 

E 

M 

5.0 

4.8 

0.2 

C 

M 

4.5 

4.0 

0.5 

Average 


5.3 

4.7 

0.6 


conditions are compared. None of the subjects 
had been given thyroid or antithyroid preparations, 
with the exception of Du, who had had no treat¬ 
ment for six months. There is reasonable doubt 
about B9489, who was extremely unreliable and 
given to self-medication. The first four were nor¬ 
mal pregnant women. Cases 5 to 8 inclusive had 
large goiters. With the possible exception of 
B9489 all seemed to be in a euthyroid state. Cases 
9 to 12 were suffering from obvious hyperthyroid- 

TABLB Ill 


SPI and BEI of untreated patients 


1 

Subject 1 

SPI 

BEI 

SPI-BEI 


7% 

7% 

7% 

C45201 

7.3 

5.7 

1.6 

B53121 

7.3 

7.6 

-0.3 


8.4 ' 

7.0 

1.4 

Du 

8.4 

8.2 

0.2 

Wa 

7,7 

5.7 

2.0 

C43177 

5.0 

4.0 

1.0 

C7178 

6.9 

5.8 

1.1 

C41885 

7.0 

6.0 

1.0 

B9489 

13.7 

7.8 

5.9 

Na 

10.5 

9.2 

1.3 

B86S25 

10.6 

10.9 

-0.3 

A81700 

11.5 

10.8 

0.7 

B7958 

16.6 

15,1 

1.5 

Be 

4.1 

4.3 

-0.2 

Ma 

5.8 

4.7 

1,1 

C44978 

4.6 

5.1 

-0.5 

C32352 

4.1 

I 4-1 

0 

C44776 

6.6 

7.2 

-0.6 

Average 


1 

0.6 
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TABLE IV 


SPI and BEI of hypothyroid patients taking thyroid 


Subject 

Thyroid 

i Lugol's 

1 solution 

; SPI 

BEI 

1 

SPI-BEI 


gm./day 

etts./day 

y% 

y% 

7% 

A79490 

0.06 


: 3.3 

I 2.4 

1 0.9 

C9886 

0.13 


, 6.0 

i 5.4 

j 0.6 

48533 

0.13 


; 4.3 

3.9 

0.4 

B7257 

1 0.13 


4.5 

5.0 

-0.5 

La 

0.13 


3.6 

4.1 

-0.5 

B9007 

0.13 


4.2 

3.2 

1.0 

18730 

0.13 


6.9 

6.6 

0.3 

C45900 

0.40 


6.0 

5.4 

0.6 


0 


3.3 1 

3.2 

0.1 


0.20 


3.0 1 

3.6 i 

-0.6 

B44180 

0.33 


11.0 

8.9 1 

2.1 

C40160 

0.06 

15 

9.9 1 

6.2 

3.7 

A7885 

0.17 

14 

10.8 

5.1 

5.7 


0.17 

14 

13.4 

6.6 

6.8 


ism. The last group of five contains, in order, two 
young males with obesity and a woman who were 
suspected of hypothyroidism, a woman five or six 
months after thyroidectomy, and an elderly male 


with cerebral arteriosclerosis. The analyses in 
every case were made to exclude hypothyroidism. 
There was not satisfactory evidence in any one of 
them to establish this diagnosis. With one ex¬ 
ception, B9489, mentioned above, BEI and SPI 
differed by no more than 2.G gamma per cent. 
Again the differences are not correlated with the 
concentrations of iodine. BEI is usually lower 
than SPI, the average value of SPI — BEI being 
0.6 gamma per cent. 

BEI and SPI in hypothyroidism. From Table 
IV it can be seen that BEI and SPI of patients 
with hypothyroidism receiving thyroid, with one 
exception, differed by no more than 1.0 gamma 
per cent; while in three patients who were also re¬ 
ceiving inorganic iodine the differences were 3.7, 
5.7 and 6.8 gamma per cent. SPI always exceeded 
BEI. 

BEI and SPI of patients tvith hyperthyroidism 
on medical treatment. In contrast to the data al- 


TABLE V 


SPI and BEI of patients with hyperthyroidism on medical treatment 


Subject 

Dosage for six weeks 
prior to study 

SPI 

BEI 

SPI-BEI 

Pulse 

Serum 

choles¬ 

terol 

Clinical imptessiou 

Lugol’s 

solution 

Propylthio¬ 

uracil 


glls./day 

' 

mg./day 

7% 

1 

7 % 

1 

7% 


! 

Wfi. % i 



Hyperthyroid 


A81700 

14 

i 200 

15.9 

14.1 

1.8 i 

76 


Sweating. Skin fine. Tremor 2+ 

B20089 

10* 

300* 

17.1 

12.3 

4.8 

98 

i 

Sweating. Tremor 2 + 

Sh 

10 

0 

10.0 

7.8 

2.2 

88 

i 

Loss of weight 

B37523 

14 

300 

11.9 

8.0 

3.9 

98 ! 

223 

Sweating. Tremor 2-j- 

B86525 

14 

300 

10.9 

6.4 

4.5 

1 


Cardiac irregularity 

C26245 

14 

300 

12.5 

8.2 

4.3 

96 i 


Skin fine 

Pe 

15 

150 

13.5 

8.0 

5.5 1 




Na : 

14 : 

200 

12.0 

8.9 1 

3.1 ! 




B74809 ’ 

15 ' 

250 

13.6 

8.2 




Tense 

68952 


150 

6.5 

7.5 

-1.0 

1 


? Hyper. . 

A83086 

0 ! 

100 

8.8 

8.2 

0:6 

92 


? Hyper. SI. weight loss 


Hypothyroid 


C36063 

t 14 

300 

j 12.4 

2.2 

10.2 i 


584 

Puffy dry skin. Hoarse voice 


14 ' 

0 (4 wks.) 

11.8 

2.3 1 



419 

Looked less hypothyroid 

BS9207 

14 

200 

7.7 

2.1 I 




Puffy skin. Hoarse voice 


14 

0 (2.5 wks.) 

10.1 1 

0.9 1 



409 

Cold dry skin 



12.6 

0.9 

11.7 


398 

Looked less hypothyroid 

An 

14 

0 (2 wks.) 

5.9 i 

3.1 

2.8 

66 


Sleepy. Wt. gain. SI. niciease in 






exophthalmos 

C38870 

14 

200* 

6.5 

3.2 



217 



14 

0 (2 wks.) 

5.6 

3.3 



265 

214 


BS7397 

B92499 

0 

16 

300 

0 

2.5 

9.8 

2.3 

6.0 

0.2 

3.8 

72 

72 

? Hypo. Hair normal. Skin si. 
coarse. Enlarged goiter 

De 

15 i 

0 

7.4 

2.1 




? Hypo. Large goiter 
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TABLE V —Continued 


Subject 

Doj>.iRe for bix %\eck.'v 
j lirior to study 

SPI 

. 1 

BEI 

SPI -BEI 

Pulse 

Serum 

choles¬ 

terol 

Clinical impression 

UiRol’s 1 
solution ' 

Propylthio¬ 

uracil 


stls./day 

vig./day 

B1 

7 % 

7% 


me.% 



Euthyroid 


C38870 

14 

0 (4 wks.) 

■1 


3.2 


249 




Kin 


4.8 


297 


12966 

14 

150 

11.4 


lA 

80 


SI. weight gain 


14 

150 

5.7 

1.5 

4.2 




Bar 

15 

, 100 

9.2 

4.5 





.459918 

10 

400 

12.3 

7.1 


96 


Sweating. Tremor 2+ 

B37523 

15 

300 

7.8 

3.1 


88 

280 

Feels better than ever before 

31298 

14 

300 

10.0 

6.5 






14 

300 

8.5 

4.0 




Constant weight 

Bo 

15 

50 

11.5 

4.8 

6.7 




B86525 

14 

300 

7.2 

5.9 

1.3 





14 

0 (3 da.) ■ 

7.8 

4.5 

3.3 



3 days after thyroidectomy 


0 (4 da.) 

0 (1 \vk.) 

4.9 

3.5 

1.4 



1 week after thyroidectomy 

C20773 

14 

0 

7.2 


3.2 




S1231 

15 

50 

9.2 

4.4 

4.8 



Asthmatic heart disease 

A91311 

10 

150 

10.2 

3.7 

6.5 





10 

150 

13.7 

4.7 

9.0 

72 


Constant weight 

A37787 

5 

ISO 

14.8 

8,6 

6.2 

80 


Enormous goiter 


5 

150 

17.8 


10.1 

68 


SI. weight gain 

B82863 

14 

100 

7.5 


3.8 

72 


Skin normal 

Sc 

7 

100 

10.6 



80 




7 

200 

10.6 

6.0 


78 


Working without fatigue 

Adenoma seems smaller 

Sco 

8 

150 

6.2 


3.0 




Mi 

15 

ISO 

10.0 


4.0 


140 

Lipiodoi 2 yrs. previously 

C40379 

14 

0 

7.2 


2.6 

72 


euthyroid 


0 

0 

7.1 


-0.3 

85 


? SI. hyper. Fine tremor 

A44295 

0 

200 

10.7 


2.7 

78 


Weight constant 

C1807 

0 

100 

7.3 


0.7 



Hypertensive CV disease 
? Pernicious anemia 

C2869 

0 

100 

5.8 

4.8 

1.0 




Sh 

10 

100 

5.8 

5.7 

0.1 





Pregnant patients with hyperthyroidism 


A2544 

IS* 

300* 

15.1 

9.5 

5.6 


1 

1 Vomiting. Euthyroid 


15 

300 

11.2 

6.7 

4.5 



Euthyroid. No sweating 




8.6 

6.1 

2.5 




B94697 

15 

25 (3 wks.) 

10.5 

7.7 

2.8 



Euthyroid 



; s-urea 








15 

25 

11.1 

6.8 

4.3 



Euthyroid 

C24644 

8 

75 

9.1 

7.6 

1.5 

84 


Euthyroid 


8 

100 

8.9 

7.2 

1.7 



Euthyroid 

98175 

15 

450 

9.4 

6.9 

2.5 


i 

Euthyroid 


15 

450 

14.5 

13.7 

0.8 



Actively hyperthyroid 


14 

500 (2 wks.) 

8.0 

5.1 

2.9 



Euthyroid 


14 1 

300 

8.6 

6.4 

2.2 


1 

Euthyroid 


14 

ISO (2 wks.) 

14.9 

1 

12.9 

2.0 



Hyperthyroid 


” Taken irregularly. 


ready shown are wide discrepancies between 64 
simultaneous measurements of SPI and BEI on 40 
patients receiving antith)'roid drugs for hyper¬ 
thyroidism (Table V). The difference between 
SPI and BEI may amount to 10 gamma per cent. 
In only 11 of the 64 instances was the difference 


as little as 2.0 gamma per cent, the maximum dif¬ 
ference in subjects not on Lugol’s solution and 
thio drugs. The normal range of SPI is between 
3,8 and 7.8 gamma per cent (6). Often SPI is 
well above this when BEI lies in the euthyroid 
range or at lower values suggestive of hypothyroid- 
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ism. The euthyroid range for BEI has not really 
been established but has been considered to be 3.2 
to 7.2 gamma per cent. 0.6 lower than the SPl 
range, because the average difference between the 
SPI and BEI of the six euthyroid subjects and 
of the 16 patients not on medication was 0.6 gamma 
per cent. 

The clinical status of the patients in Table V was 
evaluated by a clinician when the blood was drawn. 
These evaluations have been used to classify the 
condition of these patients who were receiving 
medication for hyperthyroidism into the hyper-, 
hypo-, and euthyroid groups. In many instances 
only the final clinical impression has been included 
in the patient’s history so that it is impossible to 
include notes on pulse, tremor, texture of skin and 
hair for every determination. After classification 
of clinical status the values for SPI and BEI were 
entered in the table. 

All three patients who were still hyperthyroid 
according to pulse, tremor, etc., had SPI’s and 
BEFs above the euthyroid range. Eight values 
on patients with mild hyperthyroid symptoms were 
above the normal range for SPI and BEI with one 
exception in each type of iodine determination. 
Eleven measurements on hypothyroid and ques¬ 
tionable hypothyroid subjects were above or within 
the normal range for SPI, except for B57397, but 
below or at the lower limit of the range for BEI 
with one exception, B92499. The hypothyroid 
symptoms of B92499 were not classical and her 
serum cholesterol of 214 mg. per cent is compatible 
with euthyroidism. Elevation of serum cholesterol 
to values between 398 and 5S4 mg. per cent con¬ 
firmed the diagnosis of the patients classified as 
definitely hypothyroid. Of the 30 measurements 
when patients appeared euthyroid, 25 BEFs were 
between 3.1 and 7.1 gamma per cent, but only 14 
SPI’s were between 3.8 and 7.8 gamma per cent. 
The BEI, therefore, appears to be a more accurate 
measure of thyroid activity than the SPI. 

This conclusion is verified but is not as obvious 
in the values of the last group of Table V where 
are listed 11 values on four hyperthyroid patients 
who were pregnant and one value on B94697 two 
days postpartum. Except on two occasions of thy¬ 
roid overactivity (98175) these patients appeared 
to be euthyroid. In euthyroid pregnancy the SPI 
is elevated to 6.0 to 10.0 gamma per cent (17). 
The SPI correlated closely with the clinical state of 


the patient e.xcept in the first value of 15.1 gamma 
per cent when A2544 seemed to be euthyroid. 
The BEI at the time of the’10 measurements, when 
patients appeared euthyroid, ranged between 5.1 
and 9.5 gamma per cent. The range for BEI in 
euthyroid pregnancy appears reasonable because 
the SPI of normal pregnant women not on antithy¬ 
roid medication was 6.0 to 10.0 gamma per cent 
and the BEI was only 0.6 gamma per cent lower 
than the SPI of euthyroid and untreated patients. 
When 98175 exhibited signs of thyroid overac¬ 
tivity, the BEI rose to 13.7 and 12.9 gamma per 
cent, concentrations indicative of hyperthyroidism 
even during pregnancy. 


DISCUSSION 

The reasons for the false high values of SPI are 
still being investigated. 

The amount of propylthiouracil taken does not 
seem to be the single factor associated with the 
discrepancy between the SPI and BEI. For ex¬ 
ample, four of the largest discrepancies of 9.0 to 
10.1 gamma per cent w'ere observed in two patients, 
C36063 and B59207, who had stopped taking 
propylthiouracil two to four weeks earlier, and 
in two patients who were taking only 100 mg. of 
propylthiouracil daily. In contrast to these high 
differences are three below’^ 2.9 of 98175 taking 
450 or 500 mg. and four differences between 0.2 
and 4.5 of four patients taking 300 mg. of propyl¬ 
thiouracil daily (B57397, C26245, 31298, B86525). 

Differences between the SPI and BEI are ob¬ 
vious in patients taking Lugol’s solution. This is 
especially apparent from the results on the 12 hy¬ 
pothyroid patients. The SPI and BEI agreed 
within 1.0 gamma per cent in nine determinations 
on eight patients taking either 1, 2, 3 or 6 grains of 
desiccated thyroid daily. But two patients who 
were taking Lugol’s as well as desiccated thyroid 
had SPFs 3.7, 5.7 and 6.8 gamma per cent higher 
than their BEI. Seven of 10 patierits on Lugol’s 
but no propyl had SPI higher than BEI in amounts 
varying between 2.2 and 4.8 gamma per cent (Sh, 
B92499, An, C38870, C20773, C40379, B86525, 
C36063, B59207, De). 

As yet we have only six values on patients re¬ 
ceiving propylthiouracil but no Lugol s so ution. 
The SPFs were 0.2, 0.6, 0.7, 1.0 and -.7 higher 
and 1.0 gamma per 

(A44295, B57397,68952, AS30S6, C-S69., C1807). 



liL'TAXOL-EXTKACTAIiLE IODINE OE SEKU.M 


537 


The dosage of Lugol’s solution does not seem 
to be the factor which affects the increment lie- 
tween the SPI and BEL Two patients on only 5 
drops of Lugol’s daily had differences between 
the SPI and BEI of 3.S and 6.2 gamma per cent, 
while two patients on the large amount of 30 drops 
daily had differences of 3.S and 7.4 gamma per 
cent. In 40 comparisons of SPI and BEI of pa- 
tients taking 14 or 16 drops of Lugol’s daily, the 
differences ranged from O.S to 10.2 gamma per 
cent. 

The difference between the values for SPI anti 
BEI is not the result of deterioration of serum since 
the BEI of two hyperthyroid patients on Lugol’s 
and propylthiouracil was the same immediately 
after 'the blood was drawn, two, and four or five 
days later. In one serum the SPI was 15.9, the 
BEI 14.1, 14.0 and 13.5 gamma per cent. In the 
other blood the SPI was 11.2 and the BEI 6.7, 6.2 
and 6.9 gamma per cent immediately, two and five 
days after the blood was drawn. 

The differences between the SPI and BEI of 
patients on Lugol’s solution can not be ascribed 
merely to inclusion of inorganic iodine with the 
precipitated serum protein, SPI has been meas¬ 
ured before and after the addition of potassium 
iodide to three different sera from patients not tak¬ 
ing inorganic iodine. Two of these fresh sera 
were incubated at 37° for 24 hours with 200 gamma 
per cent of potassium iodide. In the third experi¬ 
ment a similar quantity of iodide was added im¬ 
mediately prior to precipitation with zinc hydrox¬ 
ide. The concentration of 200 gamma per cent 
of potassium iodide had been selected because this 
amount or less has been observed in sera of pa¬ 
tients on 15 to 30 drops of Lugol’s daily. In each 
instance the SPI of the serum alone was lower 
than that of the serum plus iodide but the differ¬ 
ences were 0.8, 0.8, and 1.1 gamma per cent, 
amounts far smaller than the differences between 
the SPI and BEI of the patients on Lugol’s solu¬ 
tion. For example the SPI of a patient taking 30 
drops of Lugol’s solution (serum inorganic iodine 
225 gamma per cent) was measured in two samples 
of serum centrifuged four times with double dis¬ 
tilled water and on two samples centrifuged five 
times. The average of those washed four times 
was 11.8, of those washed five times 11.3 gamma 
per cent in spite of a BEI of 4.4 gamma per cent. 
No inorganic iodine could be measured in the fifth 


washing and only 0.3 gamma per cent in the fourth. 
Danowski’s observations (8, 9) are in agreement 
with our conclusion that the presence of inorganic 
iodine in serum would not in itself cause the eleva¬ 
tion of SPI above the BEI of patients taking in¬ 
organic iodine. 

It seems rather that when inorganic iodine is 
taken, some iodine-containing compounds in ad¬ 
dition to thyroxine are included in the SPI. This 
hypothesis depends on the observation that the 
metabolic status of patients correlated more closely 
with the value for butanol-extractable iodine than 
with that of the SPI. Our data give no evidence 
of the exact chemical composition of the non- 
calorigenic iodine compounds included with the 
SPI. Diiodotyrosine is a suspect since it has been 
demonstrated that this compound is not entirely 
removed from serum proteins in the procedure for 
the determination of SPI (16). Monoiodotyro- 
sine and other organic compounds containing io¬ 
dine may have similar affinities for the proteins 
(15, 18-27). 

Obviously SPI may give falsely high values for 
circulating thyroid hormone in patients who are 
receiving inorganic iodine. The conclusion has 
been drawn that a SPI as high as 8.0 gamma per 
cent is compatible with euthyroidism, although the 
average value for normal subjects is 5.4 gamma 
per cent. Engstrom and coworkers (7), in a criti¬ 
cal analysis of the SPI of 139 hyperthyroid patients 
under medical treatment, found that SPI agreed 
with clinical criteria in 119, or 86 per cent. Dis¬ 
crepancies were encountered most frequently when 
patients became slightly or frankly hypothyroid 
(5). In these cases SPI did not fall below 4 
gamma per cent. 

Investigations are continuing to ascertain 
whether, as seems probable, BEI is a more ac¬ 
curate measure than SPI of circulating thj^roid 
hormone. 

The artifactual high values of SPI produced by 
prioda.x are also found in BEI. 

CONCLUSIONS 

SPI and butanol-extractable iodine (BEI) dif¬ 
fer by no more than 2.0 gamma per cent in normal 
persons, pregnant women, and persons ivith thy¬ 
roid disorders who are untreated or receiving thy¬ 
roid. SPI usually exceeds BEI by an average 
of 0.6 gamma per cent. 
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In patients who have received inorganic iodine, 
SPI frequently exceeds BEI. The BEI seems to 
be more consistent than SPI with other criteria of 
the clinical status of such patients. 
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Within recent years, methods have been devel¬ 
oped for direct observational studies concerned 
with functional aspects of the muscular vessels in 
the capillary bed of living small mammals of sev¬ 
eral species (1-3). With these technics, it has 
been found that certain objective criteria of periph¬ 
eral vascular reactivity can be selected and fol¬ 
lowed during repeated examinations of the termi¬ 
nal vessels with the microscope. Comparisons of 
the several different overall hemodynamic disturb¬ 
ances in the experimental animal (/.<?., hyperten¬ 
sion, acute hemorrhage, prolonged hypotension) 
with their co-existent phenomena in the peripheral 
vascular system have shown that each separate 
condition thus far investigated has had a distinc¬ 
tive status reflected in the capillary bed of the 
mesentery. For example, acute hemorrhage was 
accompanied by widespread arteriolar and metar- 
teriolar constriction, capillary ischemia, and poor 
venular return. The reactivity of metarterioles 
and precapillary sphincters to topically applied 
epinephrine was augmented. Terminal prolonged 
hemorrhagic or traumatic hypotension, on the 
other hand, had a dilated capillary bed, with slug¬ 
gish arteriolar and venular blood flow, plethoric 
capillaries and diminished epinephrine responses 
(2, 4, 5). The mesenteric vascular bed in experi¬ 
mental renal hypertension was predominantly con¬ 
stricted, with ischemic arterioles and capillaries and 
a similar elevation of epinephrine response. In 
addition, it had a marked “hyperplasia” of vascu¬ 
lar elements (6). , 

* This work was supported in part by the Nutrition 
Foundation, New York, N. Y. 

-Apparatus used for the study of the conjunctiva was 
obtained through a grant in aid from the American Philo¬ 
sophical Society, Philadelphia, Pa. 

^ The authors gratefully acknowledge the stimulating 
interest and encouragement of Dr. Ephraim Shorr and 
Dr. Benjamin William Zweifach. 


It should be emphasized that no single feature 
of those tvhich were selected to be followed in ani¬ 
mals could be described as “characteristic” of any 
of these experimental syndromes. Vasoconstric¬ 
tion, or elevated epinephrine responses, or slug¬ 
gishness of blood flow, etc., were often found in 
various and differing situations. The specificity 
of the hemodynamic state became apparent only 
when all of the functional criteria used were con¬ 
sidered together. 

The observational methods and technics of 
eliciting peripheral vascular responses to stimuli 
during examinations of the vessels with the micro¬ 
scope have been adapted, with modifications, to 
the study of metarterioles, capillaries and collect¬ 
ing venules in the conjunctiva of man. The de¬ 
scription of the microscope and apparatus, which 
are comparable to those used by others (7), to¬ 
gether with the procedures and observations on 
young adults without known disease, have been 
previously published (8). Since then the survey 
has been extended to include patients with hyper¬ 
tensive vascular disease. It is the purpose of this 
report to describe certain peripheral vascular 
hemodynamic responses in these patients and to 
compare them with findings in normotensive 
subjects. 

METHODS 

The technics employed in this study were those used 
and described in the previous report (8). In brief, the 
bulbar conjunctiva in each eye was examined with a slit- 
lamp microscope in a manner similar to that used in 
routine ophthalmological practice. After establishing that 
conjunctival disease per sc was absent, the general state 
of the capillary bed was noted (i.e., ischemic, plethoric, 
euvascular, etc.). In certain cases, the velocity of blood 
flow was measured in the metarterioles, capillaries and 
collecting venules with the method previously described 
(8). This procedure consisted of repeated determina¬ 
tions with an ocular micrometer in the microscope, and 
a fast stopwatch, of the durations of the passage of red 
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blood ceils over a. measured length of vessel. At the mag¬ 
nifications used (47 X), single ml blood cells, and cell ag-- 
gregations can readily be seen and followed. In nien.s- 
urement of flow speed, vessels were selected (arterioles, 
capillaries and venules) that were as straight as could be 
found, over a distance of at least 75-100 microns. After a 
minimum of practice, the method has been found to fur¬ 
nish comparable data with different observers. 

In a total of 30 subjects, the incidence of spontaneous 
vasomotor activity ‘ in the precapillary sphincters was 
estimated. Metarteriolar and precapillary sensitivity to 
directly applied epinephrine in known concentration was 
then measured. It proved important to begin with the 
most diluted solution (1: 800,00-1: -100,000 epinephrine) 
and use progressively stronger concentrations (at in¬ 
tervals of three minutes) until the threshold precapillary 
constrictions were obtained. This avoided possible sen¬ 
sitization of the vascular smooth muscle cells by re¬ 
peated exposure to epinephrine solutions of greater than 
threshold strength. A vasoconstrictor response to cold 
can be measured by applying an ice pack to the closed lid 
for progressively greater intervals until precapillary con¬ 
striction is seen. This type of response may also be tested 
by routine use of a short period of exposure to ice (10 
seconds) which is without subsequent vascular change in 
a large series of controls, yet which is followed by vaso¬ 
constriction in certain disease states (cirrhosis, multiple 
myeloma). The latter method was employed in this 
study. 

To date, examinations of the bulbar conjunctiva in hy¬ 
pertensive individuals have been made on 14 men and 31 
women. The mean age was 31 years, with age distribution 
from three to 78 years.^ During repeated studies over 
periods of from two to three months, the blood pressures 
were consistenly greater than 140/100 in all subjects. Only 
those cases were selected who had no history of renal or 
hepatic disease or cardiac incompetency. P.S.P. tests, 
urine concentrating and diluting capacities and blood urea 
nitrogen concentrations in all cases demonstrated no 
renal insufficiency. Intravenous pyelograms were carried 
out on 20 subjects and retrograde pyelograms were made 
on three others. These X-rays revealed no evidence of 
renal abnormality. 

In addition, similar conjunctival observations were 
made on 33 patients with various normotensive systemic 
diseases, such as multiple myeloma, cirrhosis, peptic ulcer, 
polycythemia; and with psychosomatic disorders. None 
of them had a history of hypertension. These cases had 

‘ Vasomotion is an apparently spontaneous variation in 
caliber resulting from contraction and relaxation of the 
vascular smooth muscle. It is usually irregular in rate, in 
degree and in duration of dilated and constricted phases. 

^ The Department of Pediatrics at Cornell University 
Medical College and The New York Hospital has been 
very interested and cooperative in this study. The au¬ 
thors are very grateful to the department, and to Dr. Sarah 
Matteson, for alerting them to the occasional occurrence 
of ■‘essential hypertension” in early childhood, and for their 
cooperation in the project. 



Fic. 1. The Conjl'xctjv.m. CAi’n.i..\KV Bed of a Xor- 

MOTEXSIVE SUUJECT WITIIOL’T DISEASE 
A = terminal arteriole, from which the true capillaries 
(C) arise. These latter vessels are of uniform caliber 
and in general follow a smooth, sinuous pathway over the 
conjunctiva. Two capillaries in the right half of the 
picture, however, arc slightly tortuous or coiled. The 
collecting venules (V) drain the capillaries, then form 
larger venules which arc frequently situated approximate 
to the arteriole, as shown. The small venules in the left 
portion of the picture display the venular loopings which 
are not uncommon in normotensive individuals (120 X). 
(This is another photograph of the same field shown in 
Figure 1 of the previous publication.) 

received a wide variety of clinic and laboratory studies. 
Those of each subject were appropriate only to his specific 
illness. The vascular findings in this group are there¬ 
fore representative .of a random sampling in a diseased 
population and are included only for the purpose of com¬ 
paring their variability with the relatively consistent 
phenomena displayed by the blood vessels of the patients 
with “essential hypertension.” The results of the survey 
on 72 normotensive subjects without evidence of dis¬ 
ease are also included in the data. 

RESULTS 

The capillary bed and its reactions in the con¬ 
junctiva of normotensive subjects has been pre¬ 
viously described (S). Its topographical arrange¬ 
ment in shown in Figures 1 and 2. The terminal 
arterioles, usually accompanying larger collecting 
venules, frecjuently extend radially from the orbital 
margins. Capillaries arise from these vessels to 
form the blood capillary network of the conjunc 
tiva. These vessels become confluent to form die 
most peripheral system of collecting venules, which 
in turn empty into the larger venules accompany 
ing the nutrient arterioles (Figure 1). 

The general nature of the circulatory state in 
the terminal vascular bed in hypertension was that 
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of overall vasoconstriction. Jiletarterioles Mere 
notably more narrowed than those of controls; and 
occasionally they were actually smaller in diameter 
than Mere the true capillaries. This latter phe¬ 
nomenon is Mell knoun in lou-er animals and is be¬ 
lieved to he the basis for earlier descriptions of 
“capillaries” {i.c., the smallest terminal vessels) as 
elements Mith contractile (muscle) cells along the 
endothelial M-all. The increased narroM'ing was 
variable in different subjects, ranging from a dif¬ 
ference noted only in tMO to three arterioles of each 
conjunctiva to a M’idespread vasoconstriction M’ith 
pallor and closure of most of the precapillary 
sphincters. In general, the degree of vascular nar- 
roM’ing Mas correlated Mith the level of the diastolic 
pressure, for it ivas wore pronounced in subjects 
with the greater diastolic elevations. It M'as noted 
also to be more severe, however, m patients with a 
hyperkinetic reaction pattern during interview 



Fig 2 Left Temporal Conju\ctiva in Normoten- 
siVE Subject without Other Disease, R L , Aged 35 
The nietartenoles (A) are usually straight and are ap- 
proMiuatcly one-half the diameter of the accompanying 
venules (V) The true capillaries are seen here as fine 
slightly curved lines forming a regular pattern between 
the larger \essels (SOx) (SV = scleral %ein, com¬ 
monly of thib tortuosity ) 





Fig 3 Left Temporal Conjunctiva in Hypertensive 
Subject m'ithout Other Disease, G H , Aged 3 
The metartenole (A) and the collecting venule (V) 
are moderately sinuous The metartenole (A) is com¬ 
pletely looped (1), in contrast to the straight arteriolar 
pathway shown in Figure 2, and one capillary shows an 
irregularly serrate course (C) (SOX) 

The vasoconstneted state was associated Avith a 
reduced velocity of blood flow m all observed ar¬ 
terioles, capillaries and venules This was most 
readily seen m the true capillaries and collecting 
venules 

In 15 hypertensive patients, the occurrence of 
spontaneous vasomotor activity at precapillar^ 
sphincters was compared to that found m 12 con¬ 
trol individuals and 12 patients with normotensive 
disease In both normotensive and hypertensive 
subjects vasomotion varied in rate and in duration 
of the dilated and the constricted phases. In the 
hypertensives, m contrast to findings in all other 
subjects, it Mas more rapid Mith relatively long pe¬ 
riods of precapillarj' narrowing. This resulted in 
intermittent, or interrupted, capillary blood flou. 
A sudden jet-like column of red cells Mould enter 
the capillary and flow Mould he uniform for several 
seconds. The stream Mas then gradually reduced 
as the precapillary narroued, Mith subsequent 
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longer periods during which only scaltercd red 
cells were admitted into the capillary Irom the 
parent arteriole. 

The minimum concentration of epinephrine 
which produced threshold constrictions of the pre¬ 
capillaries and metarterioles in hypertensive pa¬ 
tients was approximately 1/10 the threshold 


strength necessary to produce constriction in simi¬ 
lar vessels of normotensive individuals without 
other disease, A comparahle elevation of the vas¬ 
cular reactivity to epinephrine has been observed 
to dale only in cases of Laennec’s cirrhosis and in 
patients with hyperglobnlinemia. Subjects with 
these abnormalities constituted 45^/6 of our control 


TAIILE t 


Pcri/j/urdl vascular findiitiis in normotensive and in. hyt’erlcnsive subjects 



Group I 

NormotoUbive Mibiects without 
known dibC.ibe 

i72) 

Croup 11 

Ilypertcnsiivc vasjculnr dibcase 

(15) 

Croup 111 

Xormotensive subjects with 
various and diflcring dhcaies 

m 

General nature of the vascu¬ 
lar system 

\'esscls tonic; flow smooth 
and rapid ; no stagnation 

Vessels narrowed; tissue is¬ 
chemic; flow slowed 

Variable, from wide dilation 
and sluggish flow, to euvas- 
cular 

Spontaneous vasomotor ac¬ 
tivity 

(12) 

Present up to grade 1 in 3 of 
12 cases; variable in dura¬ 
tion and frequency 

(15) 

To grade 3-4 in 11 of 15 
cases; rapid; “closed" phase 
predominated 

(12) 

Usually not seen; highly 
variable 

Velocity of peripheral blood flow j 
(mm./sec.) 1 

1 (10) I 

(10) 

(10) 

Mean 

i 

5,£. 

Mean 

S.E. 

Mean 

S.E. 

End arterioles 

Capillaries 

Venules 

0.11 

0.026 

0.056 

0.03 

0.002 

0.005 

0.023 

0.010 

0.018 

i 

0.004 

0.001 

0.001 

0.034 

0.008 

0.016 

Greatly rediici 
in cases of hyp 
1 and some case 

0.010 ' 
0.004 

0.006 

jd in all vessels 
erglobulinemia 
s of cirrhosis 

Coiling, tortuosit> and loop¬ 
ing of vessels 

Up to grade 1 in 8% of sub¬ 
jects 

i 

Grade 3-4 in 62% of the 
cases 

Grade 1-2 in 12% of cases 


Epinephrine concentration 
producing threshold pre-cap. 
and metarteriolar narrowing 

Mean —1; 37,000 | 

S.E.—1:03,670 

Range— 1 ; 20,000-1; 50,000 

jl/ra«—1:298,000 

5.E.—1:24,700 

Range— 1 :100,000-1:800,000 

! fl/ca/i—1:314,000 

5.E.—1:32,000 

Range— 1 : 10,000-1; 800,000 
Elevated above group 1 mean 
only in Laennec’s cirrhosis 
and hyperglobnlinemia to 
date 

Reaction to cold ice pack 
application (15 sec.) 

none 

Grade 1 in 7 

Grade 2 in 1 

Variable, from no response 
to a grade 4 vasoconstriction, 
with stagnant flow and red 
cell aggregates, in patients 
with hyperglobnlinemia 

Effect of prior cold exposure 
on epinephrine sensitivity 

none 

none 

Increased in 5 cases of hyper- 
globulinemia 


The figures in parentheses indicate the number of patients studied. Unless otherwise indicated, determinations were 
carried out on all subjects. Spontaneous vasoconstriction, the reaction to cold, and the degree of abnormal capillary 
topography, are graded in ascending severity from 1 to 4. 

From the Table of x, the differences in jnean values for velocity of flow and epinephrine reactivity between the nor¬ 
mal subjects of Group I and the disease groups are highly significant. A comparison of these two features is difficult, 
however, and not quite significant, between Groups II and III, because of the great reduction in ow specc anc aug 
mentation of epinephrine reactivity that was uniformly observed only in patients with hyperg o u menna an certain 
cases of Laennec's cirrhosis, in the latter group. These wide specific variations, witly the extreme y e erogencous 
nature of Group III, encumber statistical analysis of its flow speeds and vascular reactions. 
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dibease group. For this reason, the average vascu¬ 
lar epinephrine reactivity in these non-hypertensive 
illnesses was also greatly elevated. This is in ac¬ 
cord with the situation which obtains in the ex¬ 
perimental animal, in that precapillary reactivity to 
epinephrine may he augmented in certain other 
states as well as in experimental hypertension. 

A minimal vasoconstrictor response to topical 
cold (grade 1 or below) occurred in seven of 27 
of the hypertensive patients. An eighth subject, a 
10 year old boy, had a grade 2-3 response to this 
test. Twelve of 21 patients with diseases other 
than hypertension had elevated vascular responses 
to cold (to grade 4) (Table I). Vasoconstriction 
in response to the cold stimulus used in this series 
was not observed in any of the normotensive non- 
diseased persons. Exposure to cold before the ap¬ 
plication of epinephrine to the conjunctival vessels 



Fig. 4. Subject G H. (as Figure 3) 

The capillaries are shown at higher magnification to 
demonstrate the uniform nature of their proximal (ar¬ 
teriolar) portions (PC). The distal segments of the 
capillaries (DC) are tortuous and slightly coiled (120 X) 
These changes shown in Figures 3 and 4 not only indicate 
the morphological abnormalities, but also demonstrate 
that they may exist in very young subjects with hyper¬ 
tension. 



Fig 5. Left Temporal Conjunctiva in Hypertensive 

Subject without Other Disease, M. C , Aged 37 
The larger metarteriole (A) and venule (V) are rela¬ 
tively uniform. The distal capillary segments (DC) and 
the collecting venules (CV) are excessively coiled, looped 
and elongated in comparison with those of normotensive 
subjects shown in Figures 1 and 2. (120 X ) 

had no detectable effect on the epinephrine re¬ 
sponse in any of the subjects excepting a small 
group of five normotensive patients with multiple 
myeloma. 

In 62% of the hypertensive subjects, abnormal 
patterns of vascular topography, of grade 3 severity 
or greater, were observed. These consisted of 
tortuosity of arterioles and accompanying venules, 
with occasional looping and coiling of vessels in a 
striking manner (Figures 3-5). The capillaries in 
these cases were angular, looped and often tre¬ 
mendously elongated; and frequently followed a 
tortuous pathway over the conjunctiva (Figure 
5). A somewhat comparable appearance of the 
vessels was noted in 18% of cases with normoten¬ 
sive disease, wdth slight coiling and tortuosity in 
several capillary vessels. In these latter subjects, 
how'ever, it was of minimal degree (grade 1 or 
below). This unusual vascular pattern in hyper- 
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tension frequentl}' was of considerable magnitude 
in the conjunctiva of one eye and much less severe 
in the other. Tortuosity of the retinal arterioles 
and venules was also noted in many of the these 
hypertensive cases. This abnormality was found 
in three of these subjects to be largely unilateral 
in the retina as well. 

Four individuals were e.xamined who previously 
had been hypertensive. They were normotensivc 
and asymptomatic at the time of study and had 
been so for periods of from four months to three 
years. The remission of hypertension was spon¬ 
taneous in each instance. Three of the subjects 
had had “toxic” pregnancies, while the fourth was 
a 35 year old male who formerly had experienced 
only minor frontal headaches. None had any evi¬ 
dence of disease. The conjunctival metarterioles. 
however, were moderately constricted in all four 
cases, and peripheral vascular epinephrine sensi¬ 
tivities were consistently within the “hyperten¬ 
sive range." In addition, the conjunctival capil¬ 
laries of two of these cases were tortuous and 
coiled (grade 3). 

DISCUSSION 

Studies of the mesenteric capillary bed in the 
experimental renal hypertension of rats and dogs 
in this laboratory have revealed certain consistent 
changes in the peripheral vessels. Following the 
proper application of Goldblatt clamps to the renal 
arteries or the use of perinephric silk packs, the ar¬ 
terial mean pressure rose gradually. Coinciden¬ 
tally, vasoconstriction developed in the terminal 
arterioles and spontaneous vasomotion became aug¬ 
mented (6, 9). The response of the metarterioles 
to topically applied epinephrine was elevated. A 
striking topographic feature of the peripheral vas¬ 
cular beds observed in this condition was the rela¬ 
tively greater number of vessels found per unit 
area of the tissues. Metarterioles. capillaries and 
collecting venules were all three to four times as 
numerous as those in the normotensive animals 
( 6 ). 

The changes directly observed with the micro¬ 
scope in the mesenteric capillary vessels of animals 
with renal hypertension are generally in accord 
with the phenomena present in the conjunctival 
vascular bed of hypertensive patients. The “hy¬ 
perplasia” of elements in the capillary bed of the 


me.scntery as found in the. renal hypertensive ani¬ 
mal was not noted in conjunctival vessels of hy¬ 
pertensive patients, as selected by the methods de¬ 
scribed above. Mowever. the increased vascular 
tortuosity, vessel loops and angular capillary topog- 
rajihy that was found in 62% of the patients may 
represent an analogous phenomenon. Each might 
conceivably be a morphological pattern of response 
elicited either by prolonged vasoconstriction or by 
an increased jjressure load on the terminal arterio¬ 
lar tree. 'I’he abnormal vessel patterns in hyper¬ 
tension have been described previously, with other 
phenomena and “blood sludging,” by Lack and 
co-workers (10). We found tortuosity and loop¬ 
ing of ves.sels less fre{|ucntly, however, in our cases 
than reported by these workers and noted a some¬ 
what similar topography of minimal degree in oc- 
ca.sional patients without hypertension. 

The presence of vasoconstriction with a reduced 
peripheral flow velocity in the conjunctiva of hy¬ 
pertensive subjects seems at variance with the con¬ 
cept that, in this condition, overall peripheral blood 
flow is not changed. Assuming that this belief is 
correct immediately implies that a reduction in 
flow speed in one region (/.c., the conjunctiva or 
the mesentery) is compensated by a relative hy¬ 
peremia with augmented jjeripheral flow elsewhere. 
However, it is conceivable that diminished velocity 
of CO pill ary blood flow per se can exist, and be ob¬ 
scured by the shunting action of arterial and ar- 
teriolar-venular arcades that may be located just 
pro-ximally to the capillary bed. Such vessels are 
known to exist in the splanchnic area of animals 
(1). Increased gaseous exchange in the slowed 
capillary blood may partly mask the relatively un¬ 
changed gas content in the shunted blood by¬ 
passing the capillaries. Indirect methods of esti¬ 
mating the volume and velocity of actual capillary 
blood flow might not indicate such a terminal di¬ 
version of blood from areas of end-arteriolar vaso¬ 
constriction and reduced flow velocity. These 
latter phenomena, therefore, may possibly be more 
widespread in the most peripheral vessels in hy¬ 
pertension than is generally believed. 

In the present survey we found no absolute cor¬ 
relation between any single feature of the conjunc¬ 
tival vascular system and either the diastolic level 
of pressure, the severity of symptoms, or the dm a- 
tion of the hypertension. Heightened sensitivity 
to epinephrine occasionally was found m norino- 
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tensive disease. Abnormal vessel arrangements of 
minor degree occurred in several diseased controls 
and were well advanced in a hypertensive child of 
three years of age who was symptom free (Figures 
3 and 4). Thus these anatomical changes are not 
necessarily correlated in degree either with the age 
of the patient or the presence of symptoms. How¬ 
ever, narrowed metarterioles, and prominent spon¬ 
taneous vasomotion of a predominantly “closed” 
phase and tissue ischemia were the most frequent 
findings. They were observed in 90% of the hy¬ 
pertensive subjects and in none of the controls; 
and were frequently, but not consistently, of great¬ 
est magnitude in subjects with a diastolic pressure 
of 140 mm. Hg or greater. The tortuosity and coil¬ 
ing of vessels with angular capillar}' patterns was 
the second most usual feature. 

When all of the criteria used for evaluating the 
conjunctival capillary vessels were considered to¬ 
gether, a composite state of the peripheral vascular 
bed in hypertension evolved that was not observed 
in patients with other disease, or in normal sub¬ 
jects, This state was featured by narrowing of the 
most terminal arterioles, augmented spontaneous 
vasomotor activity, and frequent elongation, coil¬ 
ing, and tortuosity of the capillaries. Accompany¬ 
ing these phenomena was a heightened metarterio- 
lar and precapillary reactivity to topically applied 
epinephrine, and a significant reduction in the 
velocity of peripheral blood flow. This latter was 
most noticeable in the true capillaries and 'the col¬ 
lecting venules. The finding that several criteria 
may permit establishment of an overall peripheral 
vascular hemodynamic pattern that is inadequately 
described by any one feature is in accord with the 
observations on the vascular bed of animals, men¬ 
tioned previously. 

The conjunctival vascular state during hyper¬ 
tension, however, apparently is related to circum¬ 
stances other than the blood pressure elevation per 
se, for it was also noted in the four subjects whose 
hypertension has spontaneously subsided at a pe¬ 
riod considerably before the examinations were 
carried out. Clinically, all studies failed to distin¬ 
guish these individuals from other normotensive 
subjects without disease, yet on a basis of the find¬ 
ings in the conjunctival capillary bed they could 
not be separated from patients with a sustained hy¬ 
pertension. It is of interest to speculate whether 
such functional peripheral vascular changes not 


only persist following the cessation of prolonged 
hypertension, but may also occur prior to its onset. 

SUMMARY 

1. With suitable apparatus and techniques for 
measuring vessel function and reaction, studies 
were made of the conjunctival capillary vessels of 
subjects with hypertensive vascular disease. 

2. When all criteria selected for evaluation were 
considered together, an overall pattern emerged of 
certain peripheral vascular abnormalities in hy¬ 
pertension. The total pattern was not found in the 
normotensive controls. No one feature selected 
for study could be correlated absolutely either with 
the age of the patient, the degree of blood pressure 
elevation, symptomatology or the duration of the 
illness. This need for a composite of several cri¬ 
teria to establish a peripheral vascular dysfunc¬ 
tional state is in agreement with findings in e.x- 
perimental animals. 

3. The abnormal hemodynamics observed in the 
conjunctiva] peripheral circulation in essential 
hypertension consisted of: 1) metarteriolar nar¬ 
rowing ; 2) augmented spontaneous vasomotor ac¬ 
tivity in precapillary sphincters; and 2) coiling, 
looping, and tortuosity of many vessels. There 
was also present a heightened sensitivity of 
metarterioles and precapillaries to topically ap¬ 
plied epinephrine, and a reduced velocity of periph¬ 
eral blood flow. These features are generally in 
accord with those which have been described for 
similar vessels in the splanchnic area of animals 
with e.xperimental renal hypertension. 

4. The conjunctival peripheral vessels of four 
normotensive subjects who had had an apparently 
spontaneous remission of previous hypertension 
displayed the same phenomena found in the con¬ 
junctival vascular bed of patients- with a sustained 
hypertension. 
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In the palliative treatment of malignant disease, 
an objective method of determining the rapidity, 
degree, and duration of therapeutic response is a 
constant requirement. In a recent puldication, 
Rhoads (1) has re-emphasized the importance of 
detecting delicate therapeutic effects in clinical 
cancer research. Standard methods such as serial 
.x-rays, blood counts, blood chemistry, observations 
of temperature, tumor size, changes in body weight, 
etc., are frequently of only limited usefulness for 
this purpose. Without a simple and objective 
measurement of tumor activity, valuable days or 
weeks may be needlessly spent on ineffective treat¬ 
ment. Similarly, reactivation of the disease may be 
difficult to detect by conventional methods, until it 
has produced irreversible damage and the patient 
can no longer tolerate intensive therapy. 

Up to the present, there have been a few specific 
instances in which clinical laboratory tests have 
been helpful in following the effects of cancer 
treatment, e.g., serum acid phosphatase in carci¬ 
noma of the prostate, alkaline phosphatase in osteo¬ 
genic sarcoma, and serum globulin levels in multi¬ 
ple myeloma, but these are obviously of limited ap¬ 
plication. Recently, however, it has been shown 
that the serum concentration of proteolytic en¬ 
zyme inhibitors is influenced by various pathologic 
states, including malignant disease (2, 3). Al¬ 
though they possess no diagnostic value, two of 
these substances, chymotrypsin inhibitor and ren- 
nin inhibitor are nevertheless of remarkable clini¬ 
cal usefulness. In a study of cancer patients 
receiving nitrogen mustard therapy. West and 

^ This work was supported in part by grants from the 
California Institute for Cancer Research through the 
Damon Runyon Cancer Fund. 
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associates (4) were able to relate the ratio of se¬ 
rum concentrations of these two factors to clinical 
signs of tumor activity. The present paper il¬ 
lustrates the sensitivity of the enzyme inhibitor re¬ 
sponse to a number of additional chemotherapeutic 
agents in several typical cases of neoplastic disease. 

METHODS 

Patients selected for case reports are from the Neo¬ 
plastic Disease Service of the Veterans Administration 
Hospital, Long Beach, California. Although most have 
been subject to prolonged hospitalization and complete 
clinical and laboratory studies, only condensed case sum¬ 
maries dealing with pertinent factors are presented. 

Quantitative determinations of the two inhibitors in the 
serum were made by methods previously described by 
West and Hilliard (2). Results were correlated with 
clinical and other laboratory evidence of changes in neo¬ 
plastic activity. In all cases the existence of, cancer had 
been proven by biopsy, and the patients were free of com¬ 
plications which have been shown to influence the enzyme 
inhibitor concentrations. Under these circumstances, as 
will be demonstrated, high rennin inhibitor and low chy¬ 
motrypsin inhibitor levels are found to be associated with 
arrested growth or tumor regression while the reverse is 
correlated with actively progressing disease. 

EFFECTIVE CHEMOTHERAPY 
Urethane in myelogenous leukemia 

Since the introduction of urethane for the treat¬ 
ment of myelogenous leukemia by Haddow and 
Sexton in 1946 (5), this drug has proved to be a 
valuable additional agent for palliative treatment 
of this disease. The case presented indicates the 
sensitivity of serum enzyme inhibitor concentra¬ 
tions to effective urethane therapy. 

Case No. 1 {Figure 1) 

A 28-year-old Me.xican male was admitted to the hos¬ 
pital with complaints of fullness in the left upper quad¬ 
rant for eight months, anore.xia, weakness, fatigue, and 
20 pounds weight loss of two months duration. 

Abnormal physical findings included pallor, enlarged 
spleen e.xtending beyond the mid-line and into the pelvis. 
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liver enlargement three fingers' breadtii below tiic costal 
margin, and a few small submaxillary, axillary, and in¬ 
guinal lymph nodes. 

Laboratory findings included entrance white blood cell 
count of 420,000 with 94% ncutrophilcs, (two myeloblasts, 
nine promyelocytes, 14 myelocytes, 20 stabs, 30 juveniles), 
4% eosinophiles, 1% basophiles. The red blood cell 
count was 2,870,000 and hemoglobin 8.4 gms. Platelets 
280,000. Sternal marrow aspiration showed a typical 
picture of active chronic mj'clogcnous leukemia with de¬ 
pression of erythroid activity. 

The patient was started on oral urethane 6.0 gms. daily, 
which was subsequently gradually reduced to 2.0 gms. 
as shown in Figure 1. He improved steadily, the spleen 
reduced in size, hepatomegaly and lymphadenopathy dis¬ 
appeared, and he regained his feeling of well-being. He 
was discharged on maintenance doses of urethane. 

Figure 1 illustrates a decrease both iu white 
count and in chyniotrypsin inhibitor activity coin¬ 
cident with the patient’s improvement. During the 
charted period the hemoglobin increased from 8.4 
to 13.2 gms., and the red blood cell count from 
2,870,000 to 4,510,000 without transfusion of 
blood. Although urethane appears to have de¬ 
layed action in chronic leukemia, it is of interest 
to note that its enzymatic effects are almost im¬ 
mediate and detectable many days ahead of the 
hematologic response. Assuming that urethane 
acts principally upon the immature marrow, de¬ 


layed de[)re.ssi()n of the peripheral white count is 
not unexpected. When the white blood count had 
decrea.sed from over 400,000 to 30.000, the drug 
wa.s .slui>ped, in spite of which the count continued 
to fall to a minimum of 10,250 11 days later. 
However, n[)on discontinuing urethane, the en¬ 
zyme inhibitors returned rapidly to pre-treatment 
levels. This occurred 10 days in advance of the 
corres()onding rise in white blood ceil count. Be¬ 
cause the anti-leukemic action of urethane is re¬ 
flected promptly in the enzyme inhibitor pattern, 
it has been found that maintenance doses of the 
drug may be selected more cpiickly on this basis. 

Two additional cases of chronic myelogenous 
leukemia, and two of multiple myeloma have been 
treated with urethane with essentially similar clin¬ 
ical and enzymatic responses. In contrast to these, 
other types of leukemia, and several cases of carci¬ 
noma of the colon and prostate that received ure¬ 
thane without clinical improvement, failed also to 
show any change in the concentration of serum en¬ 
zyme inhibitors. 

Cortisone in lyniphosarconia 

Rapid regression of lymphosarcoma following 
administration of cortisone was first observed by 
Fleihnan and Kendall (6) in tumor bearing mice. 
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More recently, I’earson and associates (7) have 
demonstrated that chronic lymphomas in man may 
respond similarly both to cortisone and ACTH. 
Although results are admittedly of a temporary na¬ 
ture, nevertheless cortisone-induced regression of 
lymphosarcoma and the subseciuent regrowth of the 
tumor provide an interesting test of the sensitivity 
of the two serum inhibitor substances to neoplastic 
activity. 

Case No. 2 {Fujurc 2) 

Tills 42-year-old white male had been followed by the 
tumor service since February 1949 when he was first hos¬ 
pitalized for bilateral groin swellings. Initial examination 
showed multiple inguinal, axillary, cervical, and occipital 
nodes. Biopsies of both inguinal area, and later of axil¬ 
lary nodes showed giant follicular lymphoblastoma, 
lymphosarcomatous type. Patient received x-ray therapy 
in March-April 1949; nitrogen mustard in October 1949; 
second course of x-ray in December-January 19S0; third 
.x-ray course March 1950. He always responded well, 
maintained e.xcellent physical condition, and was followed 
enzymatically at twice-monthly intervals, his satisfactory 
clinical course being mirrored in his favorable enzyme 
pattern. 

When seen on !May 22, 1950 he complained of anorexia, 
seven pound weight loss, low-grade fever, and enlarge¬ 
ment of inguinal nodes. Chymotrypsin and rennin inhibi¬ 
tor levels at this time also suggested renewed activity and 
the patient was advised of the need for re-treatment. 

On admission he complained of rather severe left flank 
and lumbar pain and showed multiple small cervical and 
occipital nodes, and discrete right inguinal nodes meas¬ 
uring 2 to 3 cm. Laboratory work was within normal 
limits, as on multiple previous determinations; red blood 
cell count 4,510,000, hemoglobin 13.2 gms., white blood 
cell count 5,650 with 62% neutrophiles, 26% lymphocytes, 
8% monocytes, 5% eosinophiles. No abnormal white 
blood cells were seen. X-rays of the lumbar spine and 
abdomen showed no abnormalities. 

The patient received cortisone, total of 1.0 gm. in seven 
days. Within 24 hours the back and flank pain had en¬ 
tirely disappeared, and the nodes were smaller. Within 
three days the cervical and occipital nodes had vanished, 
and the inguinal nodes were much reduced. He gained 
weight, felt entirely well, and returned to his job as 
truck driver. 

Figure 2 illustrates a rapid decrease in serum 
chymotrypsin inhibitor immediately after corti¬ 
sone ^ was started. This change was coincident 
with tumor regression and general clinical improve¬ 
ment. Also demonstrated is the transient effect of 
cortisone in this case, with relapse within three 
weeks. The patient was later treated with ACTH 

^ Cortonc acetate. Lot No. 415, Merck and Co., Inc. 
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Fig. 2. Reduction of Serum Chymotrypsin Inhibi¬ 
tor Coincident with Cortisone-Induced Regression 
OF Lymphosarcoma 

for a similar period with excellent but equally 
temporary improvement both clinically and enzy¬ 
matically. Because cortisone therapy did not re¬ 
sult in an increased rennin inhibitor titer, it was 
predicted that the remission would be short, since 
in the course of this work it has been observed 
that prolonged remissions are usually associated 
with combined high rennin and low chymotrypsin 
inhibitor levels. For example, when nitrogen mus¬ 
tard was given to this same patient later, there 
was an increase in rennin inhibitor as well as a fall 
in chymotrypsin inhibitor, and more lasting clini¬ 
cal results were obtained. 

ACTH in acute leukemia 

The clinical investigations of Farber and col¬ 
leagues (8) and Pearson and coworkers (9) indi¬ 
cate that incomplete and temporary remissions in 
acute leukemias of both children and adults can be 
induced with considerable regularity by the use of 
ACTH. With the dosage schedules that have 
been employed, however, the majority of adults 
have been refractory to subsequent therapy. In 
the case presented below, the parallelism between 
hematologic improvement and changes in the cn- 
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zyme inhibitors was studied by giving the drug 
intermittently in small amounts. Under these 
conditions repeated responses to ACTH ‘ were 
observed and the enzyme inhibitor pattern proved 
to be the most sensitive available index of disease 
activity. 

Case No. 3 {Figure 3) 

A 38-year-old white male was admitted to the hospital 
with complaints of pain in the left upper abdomen, profuse 
night sweats, weight loss, anorexia, all of one month’s 
duration, and tarry stools and ankle edema, for two weeks. 

Abnormal physical findings on entry included severe 
pallor, scattered petechiae on buccal mucosae, spleen en¬ 
larged to the level of the umbilicus, hepatomegaly of two 
fingers’ breadth, and numerous bean-sized firm inguinal 
nodes. 

Laboratory findings included white blood cell count 
of 18,900 with differential of 65% blast cells, unclassified, 
12% neutrophiles, 25% lymphocytes. Red blood cell 
count 2,810,000, hemoglobin 8.1 gnis. Platelets 210,000. 
Sternal marrow aspiration showed 95% blast cells, con- 

^ACTH (Adrenocorticotropin), Lot No. 11302, Armour 
Laboratories. 


finning diagnosis of acute blastic leukemia. Subsequently 
cells of the myeloid series became prominent, particularly 
high percentages of myeloblasts and myelocytes. Total 
white blood cell count varied from 6,000 to 94,000 with 
percentage of blasts from 17% to 95%. 

The patient was treated with ACTH, receiving four 
brief courses over a three month period. He deteriorated 
progressively, but with each period of ACTPI adminis¬ 
tration showed an abrupt drop in percentage of myelo¬ 
blasts, and improved sense of well-being, increased ap¬ 
petite, and disappearance of iietechiae, which reappeared 
during intervals between ACTH effect. Prior to the sec¬ 
ond and third courses of ACTPI tiie patient appeared mori¬ 
bund, with generalized bleeding, jaundice, high fever and 
prostration. Prompt improvement occurred with each 
course of ACTPI. 

The close parallelism between the enzyme inhibi¬ 
tor patterns and neoplastic activity, as indicated by 
numbers of circulating immature cells, is illustrated 
in Figure 3. As in Case 1, the enzyme inhibitor 
responses consistently preceded changes in the cell 
count of the peripheral blood, but in this more 
acute form of the disease the lag was only 24 to 
48 hours. By using just sufficient ACTH to bring 
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TRIETHYLENE MELAMINE 
IN HODGKINS DISEASE 



Fig. 4. Changes in Enzyme Inhibhor Balance Paralleling Clinical 
Eesponse of Hodgkin’s Disease to Triethylene Melamine Therapy 


the enzyme pattern under relative control, re¬ 
peated incomplete remissions were obtained in 
this patient. 

Two other adults with acute leukemia, who were 
treated with ACTH for longer periods, also derived 
striking temporary clinical remissions accompanied 
by an abrupt fall in serum chymotrypsin inhibitor 
and rise in rennin inhibitor. However, second 
courses of ACTH were clinically and enzymatically 
ineffective in these cases. 

Triethylene melamine in Hodgkin’s disease 

On the assumption that the anti-mitotic ^ction of 
the nitrogen mustards depends on the highly reac¬ 
tive ethylene portion 6f the molecule, a number of 
synthetic substances have been prepared contain¬ 
ing several ethylene groups. One of these com¬ 
pounds, 2,4,6-tris (l-aziridyl)-s-tria 2 ine, was shown 
by Sugiura and Stock (10) to exert an inhibitory 
effect on certain animal tumors. This drug has 
been made available for clinical investigation under 
the name triethylene melamine.’ It appears to 

“ Triethylene melamine kindly furnished by Dr. D. A. 
Kamofsky, Lederle Laboratories Division, American Cy- 
anamid Co. 


possess definite value in palliative treatment of the 
lymphomas and, as indicated by the example be¬ 
low, its tumor inhibiting action traced by enzyme 
pattern is generally more rapid but less sustained 
than that previously reported for nitrogen mustard 

(4). 

Case No. 4 {Figure 4) 

The first manifestation of Hodgkin’s disease in this 
59-year-old white male was limited to right cervical 
adenopathy which had been treated by surgical resection 
and x-ray. Three years later the patient re-entered the 
hospital complaining of severe constipation, anorexia, 
nausea with occasional vomiting, and weight loss of 15 
pounds. In the few weeks preceding entry he had had 
fever daily to 101“ with asthenia and malaise. 

Physical examination showed a well-preserved 59-year- 
old white male, not obviously ill. Examination of the cer¬ 
vical area showed several old healed scars over the right 
sternocleidomastoid, in a region of thickening, induration, 
and pigmentation of the skin. There was no other ade¬ 
nopathy, and the spleen was not palpably enlarged. X-rays 
of the chest and gastrointestinal tract were normal. The 
white blood cell count was 7,300 with 84% neutrophiles, 
12% lymphocytes, 3% monocytes. 1% eosinophiles. Red 
blood cell count 3,540,000, hemoglobin 10.8 gms. 

The patient was treated with triethylene melamine as 
indicated in Figure 4. Response was rapid, with disap- 
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pearance of fever and all gastrointestinal symptoms, re¬ 
appearance of normal bowel movements, and disappearance 
of the right cervical nodes. A return of fever, nausea, 
and constipation within 10 days required repeated dosage 
of melamine. The second response was equally satisfac¬ 
tory, but severe leukopenia and anemia forced discontinu¬ 
ation of melamine in spite of the patient’s statement that 
he felt “better than he had for six months,” and was a 
“well man.” He was subsequently treated with nitrogen 
mustard with prolonged clinical and enzymatic remission. 

As illustrated in Figure 4, treatment with 10 mg. 
oral doses of triethylene melamine resulted in 
prompt reduction in serum chymotrypsin inhibitor 
levels, although 5 mg. doses were relatively inef¬ 
fective in this respect. Rennin inhibitor was not 
appreciably increased so that rather intensive 
therapy was required to restore the normal balance 
between the two factors. The periods of maximum 
enzyme response were associated with disappear¬ 
ance of fever and development of leukopenia. In 
this case the enzyme determinations were actually 
the only objective means of planning an adequate 
treatment schedule, although the patient's feelings 
of well-being were parallel to the periods of de¬ 
pression in the chymotrypsin inhibitor levels. 

It is of interest that two months preceding the 
charted period, samples of this patient’s serum had 
demonstrated an enzyme pattern compatible with 
neoplastic activity, but treatment was postponed be¬ 
cause of lack of other objective evidences of dis¬ 
ease. Subsequent events proved this to be another 
instance of the unique usefulness of serum enzyme 
inhibitor determinations for detection of tumor re¬ 
activation when other clinical confirmation is 
difficult to obtain. 

Similar results were obtained with melamine 
therapy in another case of Hodgkin’s disease, 
reticulum cell sarcoma, and chronic myelogenous 
leukemia. Although both clinical and enzymatic 
responses were observed, they were of short dura¬ 
tion and severe marrow depression prevented fre¬ 
quent repetition of effective doses. 

INEFFECTIVE CHEMOTHERAPY 

Cortisone in osteogenic sarcoma 

In view of the reported inhibitory action of corti¬ 
sone on mouse osteogenic sarcoma (11) and mouse 
rhabdomyosarcoma (12) this steroid was given 
for a trial period to a patient with rapidly growing 
metastatic osteogenic sarcoma. In addition, since 


enzymatic responses to cortisone in lymphosarcoma 
are usually definite and rapid it was considered im¬ 
portant to make comparable observations in an¬ 
other sarcoma which is generally resistant to 
treatment. 

Case No. 5 {Figure 5) 

A 3S-year-olcl white male was found to have osteogenic 
sarcoma of the right humerus and was treated with radical 
scapulo-thoracic amputation in February 1948. He re¬ 
mained clinically well until August 1949 when he devel¬ 
oped a metastasis to the left seventh rib. This local 
metastasis was surgically removed for relief of pain. The 
patient tlien developed a slowly enlarging tumor mass at 
the site of surgery, and in May 1950 had rapid development 
of extensive pulmonary and abdominal metastases. This 
sudden increase in disease activity was associated with a 
soaring rise in chymotrypsin inhibitor levels and diminish¬ 
ing rennin inhibitor titers. 

On this admission, the patient was ambulatory, showed 
recent weight loss, the previously mentioned surgical de¬ 
formities, a hard fusiform mass 15 X 5 X 5 cm. along the 
lateral aspect of the left seventh rib, and multiple stony- 
hard, grapefruit-sized masses in the abdomen, with con¬ 
siderable ascites. X-rays showed multiple calcified pul¬ 
monary metastases, and diffuse calcification throughout 
the abdomen, corresponding to the tumor masses. 

Repeated laboratory work was not contributory to the 
present discussion, multiple blood counts, serum calcium, 
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phosphorous, alkaline and acid phosphatases, and liver 
Unction tests being essentially within the normal ranges. 

He received cortisone 1,200 mg. in eight days, with no 
observable clinical or enzymatic response. During the pe¬ 
riod of treatment tlie patient declined progressively and 
the tumor masses enlarged visibly. 

This case illustrates the value of the two serum 
enzyme inhibitor determinations in confirming 
complete lack of response when a drug is used in a 
frankly investigational manner. The sensitivity of 
these proteolytic enzyme inhibitors to effective 
chemotherapy is such that an eight day trial period 
has been found ample for the evaluation of most 
drugs. Had there been even slight enzymatic evi¬ 
dence of decreased tumor activity during this pe¬ 
riod, further treatment with the hormone might 
have been considered in an attempt to achieve clin¬ 
ically detectable improvement. 

Progesterone in carcinoma of the prostate 

After a period of palliation by either orchiec¬ 
tomy, estrogen therapy or a combination of the 
two, most patients with carcinoma of the prostate 
finally become resistant to this type of treatment. 
It is of interest in such cases, therefore, to attempt 
to restrain the disease further by again altering the 
hormone balance. Clinical responses to pro¬ 
gesterone and testosterone have been variable 
and individualized, and the sensitivity of these 
serum inhibitor substances has been of consider¬ 
able assistance in our hands, in measuring the ef¬ 
fects objectively and avoiding continued treatment 
with tumor stimulating or ineffective hormones. 

Case No. 6 {Figure 6) 

This 64-year-old white male with carcinoma of the 
prostate had had treatment for two and one-half years, 
consisting successively of radical prostatectomy, orchiec¬ 
tomy, estrogen administration and palliative deep x-ray 
therapy to multiple areas of osteoblastic metastases of the 
pelvis, femora, vertebrae, and ribs. For six months pre¬ 
ceding the current admission he developed progressively 
severe pain in the involved areas of bony metastases, re¬ 
quiring large doses of narcotics for relief. 

Physical examination showed only pallor, evidence of 
weight loss, and surgically absent prostate and testicles, 
although the patient was still well-nourished and ambula¬ 
tory on crutches. X-rays confirmed the extensive bony 
metastases. Serum acid phosphatase was 7.8 Bodansky 
units (normal 2 to 9 units). The patient had a moderate 
hypochromic anemia corrected by whole blood transfusions. 

Because he had previously responded well to changes 
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in hormone balance to which he was now refractory, it 
was thought worth while to try another of the steroid 
hormones. Accordingly, with the unfavorable enzymatic 
pattern shown in the graph, he was given progesterone 
100 mg. intramuscularly daily for 19 days. He received 
no benefit, his pain was unaffected, and he continued to 
lose weight. 

In this case, previous serial enzyme inhibitor de¬ 
terminations following estrogen and testosterone 
administration and withdrawal had given excellent 
correlation with clinical status, and showed great 
sensitivity in response to these hormones. There¬ 
fore, since progesterone did not alter the enzyme 
balance, it was concluded that the drug was inef¬ 
fective in this patient. Without such data, treat¬ 
ment might have been continued needlessly for a 
longer period, since clinical response in advanced 
metastatic prostatic carcinoma is frequently de¬ 
layed, and early x-ray changes are not expected. 
Serial acid phosphatase determinations were not 
helpful in this patient since previously they had re¬ 
mained within normal limits in spite of clinical 
exacerbations and remissions. 

Testosterone in carcinoma of the prostate 
Case No. 7 {Figure 7) 

This 63-year-old white male was admitted to the hos¬ 
pital with complaints of increasing pain in the pelvis, low 
back, and posterior thighs for the preceding several weeks. 
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Fig. 7. Stimulation of Prostatic Carcinoma by 
Testosterone Accompanied by Immediate Enzymatic 
Evidence of Increased Tumor Activity 


He had previously been followed in the out-patient de¬ 
partment of the tumor service for 11 months following 
original diagnosis of adenocarcinoma of the prostate estab¬ 
lished by transurethral resection, following which bilateral 
orchiectomy was performed. The patient then felt quite 
well for five months, at which time he was started on 
ethinyl estradiol because of back, pelvic and thigh pain, 
due to extensive bony metastascs. This relieved him for 
another five months, but he again developed increasingly 
severe pain which occasioned this present admission. 

Physical examination on entry showed a well-developed, 
slightly obese 63-year-old white male complaining of 
moderately severe pelvic and back pain, and able to walk 
only a few steps with great difficulty. The testicles were 
surgically absent, and prostatic examination revealed 
scattered small stony-hard nodules in both lateral lobes. 
X-rays showed extensive osteoblastic metastatic nodules 
involving the lumbar spine, sacrum, bony pelvis, and up¬ 
per ends of both femora. 

Soon after admission estrogen medication was discon¬ 
tinued, and the patient improved slightly, both clinically as 
manifested by a decrease in pain, and as measured by the 
enzyme inhibitor determinations. However, after a month 
of this observation, he again began to have increased pain 
in the areas of bony metastases. It was then decided to 
try testosterone because of previously experienced para¬ 
doxical palliative effects of male steroid administration in 
cases of prostatic carcinoma resistant to estrogens. Ac¬ 
cordingly, the patient received testosterone propionate, 25 
mg. intramuscularly daily for three doses. Within 24 
hours of the first injection, his pain was acutely intensified, 
and he was hardly able to move about in bed. Coinci¬ 


dentally there was an immediate effect on the enzyme pat¬ 
tern, with marked elevation of tlie chymotrypsin and fall 
in tlie rennin inhibitor levels. Although five doses of 25 
mg. each had been tentatively planned, the testosterone 
was stopped after the third dose because of tlie alarming 
change in the enzyme inhibitor pattern. On the fourth 
day, the patient was mentally confused, appeared prostrate, 
flushed, apprehensive, and required generous use of nar¬ 
cotics for pain relief. He gradually improved, and three 
weeks after stopping the testosterone was almost free of 
pain, fully ambulatory, and was discharged from the hos¬ 
pital. At the time of his discharge, his enzyme pattern 
showed declining chymotrypsin, and rising rennin inhibitor 
levels. 


This case illustrates several interesting points. 
Figure 7 shows clearly the acute disturbance of 
enzyme inhibitor pattern immediately after testo¬ 
sterone administration. Also shown is the return 
of these inhibitors to pre-treatment levels follow¬ 
ing cessation of the androgen. The clinical paral¬ 
lelism with these determinations was discon¬ 
certingly convincing. Of further interest is the 
fact that the patient improved enough to be dis¬ 
charged from the hospital following recovery 
from this period of acute androgen-induced ex¬ 
acerbation. Although several other estrogen- 
resistant cases of prostatic carcinoma with pre¬ 
vious orchiectomy have shown a similar sensitivity 
to small doses of testosterone, the same response 
has not been obtained in all such patients. In no 
other malignancies, except carcinoma of the breast 
and prostate, has any change in chymotrypsin and 
rennin inhibitor concentrations been observed fol¬ 
lowing thp administration of androgens. 


Giianazolo in acute leukemia 


Considerable interest has been created by the 
work of Kidder and associates (13, 14) in the 
possibility of selectively blocking nucleoprotein 
synthesis in neoplastic tissues by the adminis¬ 
tration of unnatural purines, Guanazolo ° (8- 
azaguanine), a synthetic guanine antagonist, suc¬ 
cessfully inhibited the progress of some carci¬ 
nomas and leukemias in mice. Unfortunately, 
similar results have not been reported in human 
malignant disease. An example of the clinical 
trial of guanazolo therapy is presented in which 
even minor changes in serum enzyme inhibitor 


> Guanazolo, Lot No. 7-9710, kindly furnished by Dr. 
A. Karnofsky, Lederle Laboratories Division, American 

anamid Co. 
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balance failed to appear and the course of the dis¬ 
ease was unaltered. 

Case No. 8 {Figure 8) 

A -lO-year-old white male was transferred to this hos¬ 
pital with tlie previously established diagnosis of acute 
leukemia. Complaints of about six weeks duration in¬ 
cluded marked weakness, fatigue, fever, and purpura of 
forearms, calves, and tliighs. 

Physical examination on admission showed a tired-look¬ 
ing, weak, sallow-complexioned white male appearing 
acutely and chronically ill. Abnormal findings included 
swelling of the soft tissues bilaterally in the submaxillary 
area, hyperplasia and friability of the gums with areas of 
ulceration, several small areas of absorbing blood pigment 
over the calves and forearms. There was no peripheral 
adenopathy nor palpably enlarged spleen. Laboratory find¬ 
ings on entry included white blood cell count of 90,000, 
with differential count of 95% neutrophiles (including one 
stab cell, three promyelocytes, and 83 blasts), a red blood 
cell count of 2,460,000, hemoglobin 9.6 gms. Platelets 
110,000. 

The patient pursued a progressively downhill course of 
three months duration. He was treated with the usual 
supportive methods including multiple whole blood trans¬ 
fusions, and antibiotics as needed. He was tried succes¬ 
sively on several drugs of the “metabolic blocking agent” 
classification, including guanazolo, of which he received 


GUANAZOLO IN ACUTE LEUKEMIA 



ft 


Fig. 8. Failure of Guanazolo to Induce Remission 
IN Acute Leukemia or to Alter Enzyme Inhibitor 
Concentration s 


600 mg. orally daily for 14 days. There was no noticeable 
clinical improvement during this period. 

Figure 8 illustrates complete absence of serum 
enzymatic inhibitor response to guanazolo therapy. 
Clinically, the patient continued to deteriorate 
while the percentage of blasts in the peripheral 
blood remained between 85 and 90%. The red 
blood cell count and hemoglobin declined stead¬ 
ily during this period, in spite of daily trans¬ 
fusions. In this instance, it is apparent that 
guanazolo, which was of therapeutic value in ex¬ 
perimental leukemia, did not exert a similar ef¬ 
fect in the comparable disease in man. 

DISCUSSION 

The sensitivity of chymotrypsin and rennin in¬ 
hibitors of the serum to changes in neoplastic ac¬ 
tivity is of theoretical as well as practical interest. 
The mechanism by which rapid alteration in the 
balance between the two factors is brought about 
in response to effective chemotherapy is not 
known. As illustrated by the cases presented in 
this paper, there is no direct action of the medica¬ 
tion on these enzyme systems. Only if the drug 
exerts a stimulating or restraining effect on the 
tumor itself will the enzyme inhibitor concentra¬ 
tions change. Serial determinations of these 
enzyme inhibitors appear therefore to yield infor¬ 
mation by which the course of the malignant 
process may be charted. The value of such data 
in the clinical investigation of palliative drugs and 
in management of the cancer patient has been 
substantiated by daily use of the method for three 
years, during which time over 30,000 determina¬ 
tions have been made. 

Of necessity, in order to demonstrate the paral¬ 
lelism between the action of a drug on the tumor 
and changes in the enzyme inhibitor pattern, cases 
had to be selected in which the effects of treat¬ 
ment were clinically obvious. In by far the ma¬ 
jority of cases encountered in a tumor service, 
however, the enzyme results constitute the only 
simple and objective indicator of the patient’s 
progress. Frequently an individual with cancer, 
in his enthusiasm over a new drug, may feel that 
he is benefited but the enzyme patterns reveal 
whether or not there is any basis for his subjec¬ 
tive improvement. On the other hand, highly 
significant but weak, sub-clinical effects on the 
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tumor may be produced by an agent under in¬ 
vestigation which would have escaped notice with¬ 
out a sensitive measure of neoplastic activity. 
Likewise, reactivation of tumor growth after a 
period of remission may often be detected enzy¬ 
matically long before symptoms appear, thereby 
making it possible to give further palliative treat¬ 
ment earlier and more effectively. 

In the interpretation of enzyme inhibitor de¬ 
terminations, it should be emphasized that the 
ratio between the two factors is as important as 
their individual absolute values. This point has 
been discussed in detail by West, Rapaport, and 
Tempereau (4) in describing the relationship be¬ 
tween the enzyme inhibitors and clinical response 
to nitrogen mustard therapy. The aim of treat¬ 
ment is to produce and maintain the serum 
chymotrypsin inhibitor at five units or less, and 
rennin inhibitor at 15 units or more, since it has 
been found that this equilibrium between the two 
factors is uniformly associated with complete 
tumor inhibition or regression. Usually the 
higher the rennin inhibitor titer, the more com¬ 
plete and prolonged a remission is likely to be. 
Patients with known residual disease which has 
remained inactive for many years, show in addi¬ 
tion to normal serum chymotrypsin inhibitor, the 
highest rennin inhibitor levels of all, at times 
reaching 100 units. Observations to date have 
suggested that as a working hypothesis the chy¬ 
motrypsin inhibitor might be considered an index 
of “neoplastic activity” and the rennin inhibitor 
in some unexplained manner a reflection of “host 
resistance.” Experiments are in progress to de¬ 
termine the source of these enzyme inhibitors, 
their biochemical nature, and the mechanism of 
their release into the circulation. 

SUMMARY 

1. Evidence is presented which indicates that 
the equilibrium between chymotr)q)sin and rennin 
inhibitors of the serum may be utilized as a sensi¬ 
tive measure of the effectiveness of palliative 
therapy in the neoplastic diseases, 

2. Several examples of effective chemotherapy 
are described in which, regardless of the drug 
used or the type of the malignancy, inhibition of 
tumor growth is reflected by similar changes in 
the concentration of serum enzyme inhibitors. 


3. Ineffective chemotherapy does not alter the 
enzyme inhibitor pattern while tumor stimulating 
agents produce enzymatic changes associated with 
increased neoplastic activity. 

4. The sensitivity, consistency and close cor¬ 
relation of these two factors with the clinical 
status of the cancer patient suggest that the 
method possesses considerable practical, as well as 
research value in assisting the charting of the 
course of neoplastic disease. 
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Although the amount of sodium contained 
within the human body has been determined in 
a number of fetuses and newborns by direct chem¬ 
ical analysis, no such data are available for the 
adult. This value has been estimated (by means 
which are not clear) to be 63 Gm. by Shohl (2), 
56 Gm. by Hackh (3), and 105 Gm. by Sherman 

(4) for a 70 Kg. man. The literature contains re¬ 
ports of the chemical analysis of one adult carcass, 
but unfortunately values for sodium are not given 

(5) . The importance of sodium in the electrolyte 
economy of the human body prompted us to 
undertake a study of the feasibility of determining 
total body sodium by the isotopic dilution method. 

In vitro applications of isotopic dilution analy¬ 
sis are well known, and present no particular dif¬ 
ficulties under conditions wherein the system to 
be studied is a closed one. The method was ap¬ 
plied to man for the determination of total body 
water in 1934 by Hevesy and Hofer (6) who used 
deuterium, a stable isotope, in their experiments. 
More recently radioactive hydrogen has been 
used for the same purpose (7). Although 
Kaltreider and his co-workers (8) made the sug¬ 
gestion several years ago that they were measur- 
ing total body sodium in experiments aimed at 
determination of extracellular fluid volume, F. D. 
Moore (9) was the first to emphasize the poten¬ 
tialities of the isotopic dilution method for the 
measurement of total body sodium and potassium 
in addition to total body water in man, and re- 


i-This work was carried out under grants from the 
Children’s Research Foundation and the U. S. Atomic 
Energy Commission. 

= The cooperation of the Departments of Neurosurgery 
and Orthopedic Surgery of the Washington University 
School of Medicine and of the Cyclotron Group at Wash¬ 
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3 A preliminary report of these studies has been published 
elsewhere (1). 

* Present address: Southwestern Medical School, 
Dallas, Texas. 


ported a value of 59 meq. of sodium per Kg. in an 
adult male weighing 66 Kg. 

This paper reports the result of a study of the 
measurement of total body sodium (perhaps a 
more accurate term would be “total exchangeable 
sodium”) in a series of healthy young adults. In 
brief, the procedure employed was to introduce 
a known amount of radioactive sodium into the 
body, allow it to become distributed through the 
body tissues, and then determine the serum sodium 
specific activity.® If allowance is made for excre¬ 
tion of radiosodium during the equilibration pe¬ 
riod, the total amount of sodium in equilibration 
with radiosodium can then be calculated. It 
should be pointed out that this method makes no 
distinction between extracellular and intracellular 
sodium. 

METHODS 

Radioactive sodium (Na'*, half-life IS hours) was manu¬ 
factured in the Washington University cyclotron and pre¬ 
pared in our laboratory as a sterile isotonic solution of 
sodium chloride. Accurately measured volumes were 
given intravenously according to the method described 
by Barnett and Fellers (10). The total volume of isotonic 
saline injected, including the “wash" saline, did not ex¬ 
ceed 5 cc., corresponding to 0.8 meq. of sodium, an amount 
negligible in relation to the total body content of sodium. 
The amount of Na‘* used in these experiments varied 
from 1 to microcuries per Kg. of body weight; this 
quantity has been calculated to deliver a total radiation 
dose of from 0.11 to 0.17 roentgen equivalent physical 
(11). Samples of venous blood were obtained from a 
vein other than that used for injection of radiosodium; 
serum was separated from the cells within an hour. 

Members of the resident house staff and medical stu¬ 
dents served as subjects for these experiments. They 
were all in good health and ranged in age from 20 to 34 
years. They were allowed normal activity and consumed 
their usual diet during the experiment, but were in¬ 
structed to avoid addition of excess salt to their food and 
to refrain from excessive physical exercise. Samples of 
normal bone and brain tissue and cerebrospinal fluid were 
obtained from patients at the time of regularly scheduled 
operations. 

6 Radioactivity per unit weight of sodium. 
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One cc. amounts of serum, urine, and cerebrospinal 
fluid, in duplicate, were pipetted into metal planchets, 33 
mm. in diameter, and dried at 70° C. after the addition of 
one drop of synthetic detergent (Acidolatc). Aliquots 
of the injected solution were similarly prepared in tripli¬ 
cate. The samples were counted with an end-window 
Geiger tube attached to an autoscaler. Counting periods 
in most instances were of such length that statistical vari¬ 
ations due to random fluctuations of radioactive emission 
were ± l.C'yi (standard deviation) or less for the serum 
and standard samples, and ±3% or less for urine sam¬ 
ples.® Standard solutions of Na‘* were assayed at frequent 
intervals during each counting run, and a decay curve 
constructed for each series of determinations; from this 
curve appropriate decay corrections were made. Coin¬ 
cidence and background effects were also accounted for, 
and the counter efficiency was checked periodically with 
a radium D-E standard. 

Bone and brain samples were obtained in the operating 
room, care being taken to avoid contamination with sa- 
Ime sponges, blotted on filter paper to remove excess blood, 
and put immediately in tared stoppered bottles. The tis¬ 
sues were weighed and then digested in nitric acid until 
the resulting solution was clear; aliquots of this solution 
were then prepared for counting in one of two ways. In 
our earlier experiments the solution was transferred to 
porcelain capsules, dried on an electric hot plate and 
weighed just prior to counting. Corrections for self-ab¬ 
sorption could then be made by reference to a self-absorp¬ 
tion curve constructed from assays of beef bone to which 
known ammmts of Na** had been added. These were pre¬ 
pared in the same manner as the human bone samples and 
ranged in weight (as plated for counting) from 13 to 292 
mg. per square centimeter. In the case of brain tissue self¬ 
absorption corrections were not necessary. Samples of se¬ 
rum for comparison with bone and brain were also plated 
in porcelain capsules to equalize back-scattering effects. 
Later in the course of the study counting was done with 
a thin walled dipping counter, the samples of bone digest 
and of serum being assayed in liquid form so that self¬ 
absorption corrections were no longer necessary. 

Analyses of serum, cerebrospinal fluid, urine, and bone 
for sodium were carried out by the zinc uranyl acetate 
gravimetric method (12). Dry, rather than wet ashing 
was used for the serum. Aliquots of the nitric acid bone 
digest were evaporated to dryness and ashed in a muffle 
furnace at 540° C. The ash was then dissolved in nitric 
acid, an excess of ammonia added to remove the greater 
part of the calcium and phosphate, and an aliquot of the 
filtrate evaporated to dryness. The residue was taken up 
in water and quantitatively transferred to the zinc uranyl 
acetate reagent in the usual manner. Analyses of the 
brain tissue were made by the flame photometer. 

For the purpose of chloride analysis, the preliminary 
nitric acid digestion of bone was made in the presence of 
silver nitrate, which has been shown, in our laboratory, 
not to interfere with the gravimetric determination of 

°In a few instances counting rates were so low that 
errors in estimating serum radioactivity were — 3%. 


sodium. Chloride was determined in serum and bone 
digest by the modified Volhard-Harvey titration method 
(13). , 

Calculations were made as follows: serum was ob¬ 
tained from the subjects at times ranging from 18 to 24 
hours (in two, a 17 hour period was used) following the 
intravenous administration of radiosodiura, and urine was 
collected over the same period of time. Assuming com¬ 
plete distribution of the injected radiosodium, serum spe¬ 
cific activity should equal total body specific activity, so 
that 

total e.\changeable sodium (TES) 

_ injected — Na^* excreted 
serum Na*Vserum sodium 

No corrections were made for the serum water content, 
the Donnan effect, or the possibility of slight differences 
in mobility between Na'* and Na” ions. 

EESULTS 

The results of 36 determinations of total ex¬ 
changeable sodium (TES) in 32 healthy young 
adults are set forth in Table I. The average 
value for males, 41.9 meq. per Kg. of body weight, 
is surprisingly close to Shohl’s estimate of 39 meq. 
per Kg. (2). The range of values is so great 
that one hesitates to speak of an average value 
for the average adult male. The spread of values 
(32.3 to 54.1 meq.), which would appear to be too 
great to be explained solely on experimental error, 
tends to remain (but to a somewhat less degree) 
when the calculations are made on the basis of 
height or surface area. Two separate determina¬ 
tions of TES were made in each of four subjects, 
but since the intervals between determinations 
were four to 22 months, they cannot be used to 
assess experimental errors. A considerable pro¬ 
portion of the body sodium is in skeleton and 
muscle; since the amount of these two tissues 
probably varies markedly among individuals of 
the same weight, the wide range of values noted 
in Table I might be expected. 

The average value for females (39.5 meq. per 
Kg.) is slightly lower than that for males and this 
difference persists when the calculations are made 
on the basis of height and surface area; however, 
the magnitude of the standard deviations would 
indicate that the average values for the two 
groups are not significantly different. 

These values represent the amount of sodium 
within the body which comes into equilibrium 
with administered radiosodium during the ex- 
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TABLE lA 


Total exchangeable sodium in adult males 

In the subjects indicated by the asterisk two samples of blood, drawn at the times indicated, were analyzed for 
specific activity and the results averaged. 


Subject 

Age 

Weight 

Height 

Surface area 

[ 1 

EquiUbratloa 
period 1 

TES 

Meq. 

Na per Kg. 

Meq. 

Na per cm. 

Meq. 

Na per m* 


years 

Ks. 


m» 

firs. 1 

meii. 




*E. C. 

23 

100 


2.30 

23 

3230 

32.3 

16.7 

1405 

*A. H. 

28 

91.6 


2.22 

22i 1 

3955 

43.2 

20.5 

1780 

*P. J. 

24 

84.8 

180 

2.04 

22^ 1 

2753 

32.5 

15.3 

1350 

M. S. 

25 

83.8 

178 

2.00 

191 

3125 

37.2 

17.6 

1562 

J. F. 

29 

79.8 

170 

1.91 

1 m 

2805 ' 

35.1 

16.5 

1470 

F. C. 

33 

79.3 

182 

1.98 

1 17 

2815 

35.5 

15.4 

1420 

A. R. 

26 

77.6 

177 

1.94 

i 23 

3195 

41.2 

18.0 

1645 

J. R. 

29 

76.9 

177 

1.93 

24 

3315 

43.1 ' 

18.7 i 

1715 

W. B. 

27 

1 76.2 

183 

1.97 

19§ 

3210 

42.1 

17.5 

1630 

R. M.' 

23 

75.6 

I 172 

i 1.88 

20 

2987 

39.5 

17.4 

1590 

*R. M.* 

25 

75.4 

1 172 

1.88 

18-19J 

3051 

40.4 

17.7 

1623 

V. T. 

34 

75.4 

1 171 

! 1.87 

1 24 

3180 

42.2 

18.6 

1700 

R. G. 

24 

75.4 

188 

2.00 

21k 

3785 

50.2 

20.1 

1895 

L. K. 

27 

74.4 

178 

1.91 

Ilk 

2907 

39.1 

16.3 

1520 

S. S.i j 

25 

74.1 

183 

1.95 

23 

3700 

49.9 

20.2 

1898 

S. S.* 1 

25 

75.2 

183 

1.96 

nk 

3525 

46.9 

19.3 

1800 

C. C. 

24 

74.1 

180 

1.93 

19k 

3060 

41.3 

17.0 

1585 

*R. B. 

28 ! 

73.9 

190 

1.99 

21k 

3445 

46.6 

18.1 

1 1730 

J. M. 

24 

73.9 

180 

1.92 

24 

3515 

47.6 

19.5 

! 1830 

*R. B. 

24 

73.5 

176 

1.99 

23 

2560 

34.8 

! 14.6 

' 1355 

*R. H. 

27 

72.9 

166 

1.80 

18-24 

2978 

40.8 

17.9 

1653 

*M. C. 

23 

71.9 

175 

1.86 

17-22^ 

3075 

42.8 

17.6 

1650 

*B. H. 

25 

71.8 

182 

1.91 

22k 

2440 

34.0 

13.4 

1280 

*J. C. 

29 

70.2 

168 

1.79 

18-22 

2748 

39.1 

16.4 

1535 

*W, G.i 

24 

69.1 

190 

1.94 ' 

18-2U 

3263 

47.2 

17.2 

1680 

*W. G.» 

25 

68.1 

189 

1.92 1 

18J 

3685 

1 54.1 

19.5 

1930 

*E. L. 

24 

69.8 

178 

1.86 

18-23^ 

3300 

1 47.3 

18.6 

1775 

*H. M.i 

29 

58.3 

164 

1.62 

22 

2753 

1 47.2 

16.8 

1698 

H. M.» 

29 

60.6 

164 

1.65 

20 . 

2487 

41.1 

15.2 

1518 

Average 







41.9 

17.5 

1628 

Standard deviation 






‘ 5.6 

1.46 


Coefficient of variation 






! 13.4% 

8.3% 



perimental period. The relation of this value, 
“total exchangeable sodium," to the actual quan¬ 
tity of sodium in the body will be discussed below. 
In two subjects (not included in Table I) 


radiosodium was administered orally rather than 
intravenously. The values for total body sodium 
in these subjects were 29.9 and 23.7 meq. per Kg., 
respectively, and were so much lower than those 


TABLE IB 

Total exchangeable sodium in adult females 

Jn the_ subjects indicated by the asterisk two samples of blood, drawn at the times indicated, were analyzed for 
specific activity and the results averaged. 


Subject 

Age 

. 

Weight 

Height 

Surface area 

Equilil^ratlon 

period 

TES 

Meq. 

Na per Kg. 

Meq. 

Na per cm. 

Meq. 

Na per m’ 

*R. C. 
•D. B. 

H. W. 

K. 

F. D. 

H. H. 

M. G. 

years 

26 

20 

27 

24 

25 

24 

27 

Kg. 

81.6 

62.6 

61.3 

57.7 

55.9 

54.4 

51.8 

cm. 

171 

169 

165 

162 

163 

164 

162 

m* 

1.93 

1.71 

1.66 

1.60 

1.59 

1.58 

1.53 

firs. 

18-22 

18-20 

18 

18-20 

18 

23 

18 

met. 

2913 

2549 

2255 

2295 

2265 

2335 

2153 

35.7 

40.7 

36.8 

39.8 

40.6 
41.1 

41.6 

17.0 

15.1 

13.7 

14.2 

13.9 

13.6 

13.3 

1509 

1490 

1358 

1432 

1427 

1413 

1405 








^0 5 

14.4 

1433 

Average 







9 90 

1.28 

51.4 

Standard deviation 






5.8% 

8.9% 

3.6% 

Coefficient of variation 
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found in any of the subjects given radiosodium 
intravenously tliat attempts to use the oral route 
of administration were quickly abandoned. 

DISCUSSION 

Assumptions. For the purpose of these experi¬ 
ments several assumptions had to be made. First, 
our subjects were considered to be in sodium 
balance. For that reason, they were encouraged 
to engage in normal activity and to eat their usual 
diet. Experiments were not done during the hot 
weather. Since radiosodium equilibration would 
be disturbed by states of either positive or nega¬ 
tive sodium balance, every effort was made to 
avoid change in living habits during the experi¬ 
ment. The prerequisite of a relatively stable so¬ 
dium economy would appear to preclude the use 
of this method in the study of some disease states, 
and would suggest that errors might be intro¬ 
duced by requiring the subjects to fast during the 
experiment. Secondly, fecal and cutaneous losses 
of radiosodium were considered to be negligible. 
No studies of fecal or cutaneous excretion of 
fadiosodium are available in the literature; how¬ 
ever, the major pathway of sodium excretion is by 
way of the kidney. In children, Macy (14) found 
that only 2% of the total sodium excretion was by 
way of the gastrointestinal tract. In our ex¬ 
periments the quantity of radiosodium excreted 
in the urine during the equilibration period aver¬ 
aged 5.6^ of the injected dose, with a range 
of 2.7 to 10.1%. Since fecal and cutaneous losses 
of radiosodium could hardly represent more than 


a small fraction of the urinary loss (assuming that 
Na-* is handled by the body similarly to Na^^), 
only a small error is incurred in the final results 
by their omission. None of our subjects perspired 
profusely or had loose stools during the experi¬ 
mental period. 

Thirdly, the sodium turnover during the equi¬ 
libration period was considered to be small in 
relation to the total sodium content of the body. 
Measurements of urinary sodium excretion were 
made in 11 of our subjects, and ranged from 76.9 
to 360 meq., or 2.7 to 12% (average 5.2%) of the 
calculated total body sodium. 

Lastly, is the administered radiosodium in equi¬ 
librium with all of the body sodium? Informa¬ 
tion on this point is largely indirect since no direct 
chemical analyses of adults are available with 
which to compare our data. 

Change in apparent volume of distribution of 
Na-^ with time. One means of attacking the 
problem of radiosodium mixing is through a study 
of the change in radiosodium “space” with time. 
Although Burch and co-workers (IS) have made 
an exhaustive study of the curve of serum radio¬ 
activity at periods up to an hour and Kaltreider 
and co-workers (8) have extended the period of 
observation to 12 hours after radiosodium admin¬ 
istration, data are lacking for later periods. Fig¬ 
ure 1 presents our data in regard to this question. 
In it are plotted the total radiosodium spaces cal¬ 
culated as 

radioactivity injected — radioactivity excreted 
radioactivity/cc. serum 



Fig. 1. CuavES or Atpabent Volume of Na“ Distbibution, oa Sodium “Space” 
(cc. PER Kc.) IN 10 Adult Subjects on a Normal Diet 
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Fig. 2. Curves of Serum Specific Activity, Counts 
PER Minute per meq. Na, in Eight Adult Subjects on 
A Normal Diet 


in 10 adults at times ranging from 234 to 3934 
hours after injection. The irregularities in the 
curves occurring after 30 hours are probably the 
result of errors due to extremely low counting 


rates. It is seen that by 18 hours the apparent 
volume of radiosodium distribution has become 
fairly stable. Additional exchange after this 
period occurs at an extremely slow rate. Some of 
the increase may possibly be due to extra-renal 
Na*‘ losses not accounted for in our experiments. 

In Figure 2 data on change of serum specific 
activity during the 11-23 hour period following 
radiosodium administration are presented for 
eight subjects. A definite leveling off of the 
curves is seen to occur by 18 hours. 

One possible source of error in these experi¬ 
ments has to do with the fact that injected so¬ 
dium undoubtedly mixes with dietary sodium 
taken during the course of the experiment (16). 
To minimize effects of dietary sodium, four ad¬ 
ditional subjects (not included in Table I) were 
studied on a low sodium diet. They took all of 
their food and fluids under the supervision of the 
dietitian at the St. Louis Children’s Hospital, and 
consumed a diet adequate in every respect save 
sodium. The calculated amount of sodium in the 
food actually consumed varied from 8.52 to 15.9 
meq. per day. After three days of the diet, radio¬ 
sodium was given intravenously and the curve 



&500 


7500 

6500 

d’ 

u 

5500 3 


4500 


Hours 

Fig. 3. Curves of Na"* “Space” (Liters) and of Serum Specific Activity 
(Counts per Minute per meq. Na) in Four Subjects Who Were Consuming a 
Low Sodium Diet 
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of Na** equilibration determined in the usual way, 
the diet being continued for the duration of the 
study period. On such a regime urinary sodium 
excretion (after the first two days) ranged from 
13.2 to 27.2 meq. daily and radiosodium excretion 
was greatly reduced, ranging from O.S to 0.7% 
of the administered dose in 24 hours. Thus a 
situation in which sodium turnover within the 
body was reduced to a minimum was produced. 
The curves of these data, presented in Figure 3, 
are quite similar to the previous ones; we may 
therefore conclude that dietary sodium in usual 
amounts does not appreciably disturb radiosodium 
equilibration. Larger amounts of radiosodium 
(approximately 2 microcuries per Kg.) were used 
in these experiments, so that the period of accu¬ 
rate observation could be prolonged. 

It was on the basis of these observations that 
the 18-24 hour period was selected as being most 
suitable for total body sodium determinations. 


Tissue distribuHon of radiosodium. Studies 
in animals have shown that there are at least two 
types of tissue present in the body, when a clas¬ 
sification is made on the basis of the rapidity with 
which radiosodium mixes with tissue sodium. 
Certain tissues such as muscle, skin, kidney, and 
liver equilibrate very rapidly (within 20-60 min¬ 
utes), whereas in others—bone, brain, and testis 
—mixing may not be complete for at least 12 
hours after radiosodium administration (17). 
The data of Kaltreider and his associates (8) in¬ 
cluded studies of human pleural, ascitic and spinal 
fluid and indicated that nine to 12 hours were re¬ 
quired for complete mixing in these compart¬ 
ments. However, since pleural and ascitic effu¬ 
sions represent abnormal fluid collections, normal 
extracellular fluid may well equilibrate at a dif¬ 
ferent rate (probably more rapidly) than these 
figures would indicate. That abnormal subjects 
are unsuitable for tissue equilibration studies is 


TABLE II 

Tissue specific activity 





Time 

hours 

Sodium content 

Ratio I 

Ratio 

Subject 

i 

Age 

Source 

mgr per Cm, 
vet tissue 

tissue/serum 
specific activity 1 

tissue/senim 

cbloiide 


Bone 


Sa. 

37 yr. 

lumbar lamina 

2 

2.70 

0.432 


C. 

44 yr. 

! rib 

4 

4.95 

0.169 

0.198 

H. 

76 yr. 

skull 

6\ 

5.85 

0.196 


M. 

11 yr. 


10 

4.66 

0.395 



10 

2.6 

0.470 


J- 

Slyr. 

skull 

16 

6.35 

0.188 


Sb. 

22 yr. 

1 

femur 

16 

5.94 

0.304 

0.168 

1 

tibia 

16 

6.18 

0.219 

0.244 

F. 

37 yr. 

iliac crest 

20 

3.17 

0.398 


P. 

67 yr. 

lumbar spinous process j 

22 

4.3 

0.382 



Brain 


L. 

j ^6 yr. 1 

j frontal lobe 

1 

j 2.12 ' 

0.600 ! 


Cerebrospinal Fluid 

Sc. ! 

32 yr. 

ventricle 

11 

_* 

0.967 


B. 

8 mo. 

lumbar 

20 

3.305 

0.953 

i 

G. 

54 yr. 

ventricle 

20 

3.320 

1.005 

1 


be 1 sodium determination lost; specific activity calculated assuming ratio of spinal fluid/serum sodium to 
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suggested by a comparison of spinal fluid equi¬ 
libration in subjects with normal and with elevated 
spinal fluid pressure; mixing was definitely de¬ 
layed in the latter. In thrpe normal subjects 
CFS/serum specific activity ratios ranged from 
0.953 to 1.005 in the 11-20 hour period follow¬ 
ing radiosodium injection (see Table II), whereas 
in two subjects with increased intra-cranial pres¬ 
sure the ratio was 0.431 and 0.667 at the 12-16% 
hour period. 

Since studies in animals have revealed that 
radiosodium comes into equilibrium rather slowly 
with bone and brain sodium, and since the human 
skeleton is said to contain approximately 30% of 
the total sodium in the body (2), it was decided to 
study these two tissues. If equilibration is com¬ 
plete in bone and brain, it is presumably com¬ 
plete in other tissues. We are able to obtain 
only one specimen of normal brain tissue (at time 
of prefrontal lobotomy), but several specimens of 
bone were obtained at varying periods of time 
following radiosodium injection. Data with re¬ 
gard to bone, brain, and spinal fluid specific ac¬ 
tivity are presented in Table II. If chloride 
“space” may be taken as a measure of extra¬ 
cellular fluid in bone, our findings indicate that 
radiosodium mixes quite rapidly (within two 
hours) with the extracellular sodium of bone and 
confirm the results published by Kaltreider and 
his co-workers(8) ; however, our data indicate 
that it does not exchange readily with the re¬ 
mainder of the bone sodium. Definite conclusions 
would seem unwarranted in the face of so much 
scatter in the data, except to say that probably 
40% of bone sodium exchanges with Na-* over 
the period studied. Although the single value for 
brain specific activity is difficult to interpret, 
there seems to be no doubt that equilibration of 
Na-^ is complete in cerebrospinal fluid by 18-24 
hours. 

We present the data on bone with some hesita¬ 
tion because of the technical difficulties involved 
in the determination of bone sodium and the fact 
that there are so few published values with which 
to compare results. Everything possible was done 
to avoid contamination of the specimens at the 
operating table, yet the fondness of the surgeons 
for saline may have thwarted our efforts in some 
instances. Several of the samples came from 


elderly people and perhaps radiosodium mixing 
may occur more readily in the younger indi¬ 
viduals who comprise the real subject material of 
this paper. Taken at face value, radiosodium 
equilibration in bone, except for sodium present 
in the chloride “space,” must be extremely slow, 
and probably little could be gained, as far as 
total body sodium measurement is concerned, in 
prolonging the equilibration period beyond 18- 
24 hours. The short half-life of Na-‘ would not 
permit the use of equilibration periods much 
longer than this without using larger doses and 
consequently delivering more radiation to the sub¬ 
ject. Perhaps a large portion of bone sodium is 
truly “fixed,” as the experiments of Harrison 
(18) would indicate, and not readily available 
for use in body fluid economy. Unfortunately, 
the literature contains no information on specific 
activity of bone sodium for comparison with ours. 
Since 30% of the total body sodium is said to be 
in bone (2), these data would suggest that about 
82% of the total body sodium is measured by our 
method.'^ 

The isotopic dilution method, therefore, meas¬ 
ures that portion of the total body sodium which 
is most intimately concerned with the body fluid 
framework. “Exchangeable sodium,” then, rep¬ 
resents “mobile” or metabolically active sodium as 
contrasted to the structural sodium of the skele¬ 
ton. Further study is needed to determine the 
exact magnitude of the non-exchangeable portion 
of the body sodium and the precise relationship of 
TES to total body sodium in man. 

SUMMARY 

1) Measurements of total “exchangeable so¬ 
dium” in 32 healthy young adults by the isotopic 
dilution method (utilizing radiosodium’^) re¬ 
vealed an average value of 41.9 meq. and 39.5 
meq. per Kg. of body weight for males and fe¬ 
males, respectively, with a range of from 32 to 
54 meq. per Kg. in males and from 36 to 42 meq. 
in females. 

2) An 18-24 hour equilibration period follow¬ 
ing Na** administration was selected as optimum 
on the basis of (a) the shape of the equilibration 
curve and (Z?) tissue studies. 

7 Brain contains only 3% of the body sodium (2). 
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3) Determination of sodium specific activity 
in bone suggests that as much as 60% of the 
skeletal sodium may be metabolically inert, for 
it does not exchange with Na-* during the equi¬ 
libration period. 

4) It was decided to designate the measured 
quantity as total “exchangeable sodium.” The 
isotopic dilution method, therefore, measures that 
portion of* the body sodium most intimately con¬ 
cerned with fluid balance. By indirect means, it 
was estimated that TES represents at least 82% 
of the actual amount of sodium in the adult body. 
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In contrast to the lack of such information on 
adults, the literature does contain reports of the 
direct chemical analysis of a number of fetuses 
and newborn infants for sodium. Data are avail¬ 
able, therefore, with which to compare directly 
results obtained by the isotopic dilution method. 
Our study of total body sodium in man, for which 
data on adults are presented elsewhere (2), was 
consequently broadened to include infants and 
children. Since it has been known for some 
time that the sodium content of the infant, on a 
per kilogram basis, is higher than that of the 
adult (3), we set out to investigate the possibility 
that there was some regularity to the process of 
chemical growth. That a chemical growth pat¬ 
tern, capable of being expressed in simple mathe¬ 
matical terms, does indeed exist, at least with re¬ 
gard to sodium accumulation, will be demon¬ 
strated by the data to follow. 

Aside from carcass analysis, the isotopic dilu¬ 
tion method is the only direct approach available 
for estimation of total body sodium and for the 
study of chemical growth. Cumulative balances 
fail to provide a satisfactory answer, presumably 
through inability to account accurately for cuta¬ 
neous mineral losses. For example, balance 
studies on normal infants and children have 
yielded values for sodium retention varying from 
93 to 915 meq. per Kg. of body weight gain 
(4, 5).^ 

This paper reports our studies of the estimation 
of total body sodium by the isotopic dilution 
method in 21 infants and children. The various 


1 This work was carried out under grants from the Chil¬ 
dren’s Research Foundation and the U. S. Atomic Energy- 
Commission. 

-A preliminary report of these studies has been pub¬ 
lished elsewhere (1). 

3 Present address: Southwestern Medical School, Dal¬ 
las, Texas. 

■* Calculated from the author’s data. 


assumptions which had to be made in applying 
this method to the estimation of total body sodium 
in man have already been discussed (2). 


METHODS 


The methods used are essentially those employed in the 
studies of adults (2). Radiosodium'*, manufactured in 
the Washington University cyclotron, and prepared in our 
laboratory as sterile isotonic saline, was given intra¬ 
venously in doses of 1 to 1 ^ microcuries per Kg. of body 
weight.® 

Procedures used in assaying the serum and urine sam¬ 
ples for radiosodium and inactive sodium have already 
been presented (2). 

The subjects employed were infants and children re¬ 
siding in the wards of the Saint Louis Children’s Hos¬ 
pital, whose general nutritional and physical status was 
judged to be normal and who were free from cardiac, 
renal, or allergic disease. No patients who were con¬ 
valescing from surgical operations or who were receiving 
parenteral fluid therapy were included; none had loose 
stools. They consumed the normal hospital diet (evap¬ 
orated milk-Karo formulas in the case of infants) during 
the experiments. Reasons for hospitalization are listed 
in Table I to follow. 

• Calculations were made as follows: serum obtained 18- 
24 hours (17 hours in three infants) following the intra¬ 
venous administration of a known amount of radiosodium 
was analyzed for sodium and radioactive sodium, and 
urine was collected over the same interval of time. As¬ 
suming complete equilibration: 

total e.xchangeable sodium (TES) 

Na°* injected - Na» excreted 
“ serum Na^Vserum sodium 

This period of equilibration was chosen for reasons 
sented elsewhere (2). The amount of sodium adminis¬ 
tered with the radiosodium is negligible. No attempt was 
made to take into account the Donnan phenomenon, slight 


B The total radiation dose received by the experimental 
subject from this amount of Na=* is of the order of 0.11 to 
U7 roentgen equivalent physical (6)._ This calculation 
vas made for subjects of adult size; since gamrna radia- 
ion accounts for approximately 759& of ^ 

s possible that recalculation of the amount of rad ation 
■ecLed by the young infant would yield a lower value. 
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differences in diffusibility between Na'* and Na” ions, or 
the possibility that small amounts of radiosodium might 
bj excreted by way of tlie skin or gastrointestinal tract 

RESULTS 

The results obtained during a study of 21 
healthy infants and children are presented in 
Table I, in which the subjects are listed in order, 
according to weight. Total exchangeable sodium 
has been calculated on the basis of weight, height, 
and surface area. None of these result in con¬ 
stant unit values for TES, for the values change 
throughout the growing period in each instance. 
The difference between infants and older children 
is most marked on the basis of height, the values 
indicating a four-fold increase of total body so¬ 
dium per centimeter of height, whereas sodium 
content per square meter of surface area increased 
by only 25^ (approximately) over the span of 
growth represented by our subjects. The trend 
in the data is opposite in direction when calcula¬ 
tions are made on the basis of weight. In the 
very young infant, values are highest, averaging 
76 meq. sodium per Kg. of body weight, and there 
is a progressive decline with increasing weight 


until adult values (41.9 meq. per Kg. for males, 
39.5 meq. per Kg. for females [2 ]) are attained. 
Since sodium content is constantly changing with 
growth regardless of whether weight, height, or 
surface area is employed as a reference, body mass 
was selected as the logical parameter of body size 
with which to attempt to correlate sodium content. 
It will be shown, in the discussion to follow, that 
there is a recognizable mathematical relation, not 
necessarily dependent on age, between the amount 
of sodium in the body, and body mass, as meas¬ 
ured by weight. 

DISCUSSION 

In the study of adult subjects (2) it was real¬ 
ized that mixing of injected Na^^ with body 
sodium may not be quite complete at the end 
of 18-24 hours, although curves of the apparent 
volume of Na^^ distribution and of serum specific 
activity revealed a leveling off at that time. 
Moreover, it was concluded that prolongation of 
the equilibration period would be of little benefit 
and, in fact, might intensify errors due to extra- 
renal losses of Na“*. Studies of bone specific ac¬ 
tivity revealed that complete Na®^ mixing in bone 


TABLE I 

Total exchangeable sodium in infants and children 


Subject 

Age 

Sex 

Weight 

Height 

Surface 

area 

Equili¬ 

bration 

time 

TES 

Meq. 

per 

Kg. 

Meq. 

per 

cm. 

Meq. 

per 

Reason for hospitalization 




Gm. 

cm. 

m* 

hours 

imq. 



mmn 


G. S. 

2 wks. 

M 

1795 

46 

0.149 

19 

148 

82.5 

3.22 

994 

Premature 

R. C. 

6 wks. 

M 

2155 

47 

0.162 

20 

187 

86.8 

3.98 

1155 

Premature 

R. G. 

wks. 

M 

2375 

48 

0.172 

20 

187 

78.7 

3.90 

1088 

Premature 

A. J. 

3 wks. 

M 

2590 

45 

0.170 

m 

184 

71.2 

4.09 

1082 

Premature 

G. E. 

4 wks. 

M 

3530 

53 

0.218 

21 

259 

73.4 

4.89 

1188 

Methemoglobinemia ; 
recovered 

L. L. 

2 mo. 

F 

3665 

55 

0.230 

17 

242 

66.0 

4.40 

1053 

Ruminator 

E. H. 

mo. 

M 

4870 

59 

0.272 

17 

336 

69.0 

5.70 

1237 

Roseola infantum; 
recovered 

G.J. 

14 mo. 

M 

6960 

68 

0.348 

23J 

364 

52.3 

5.20 

1018 

Premature infant ? lye 
bums of esophagus 


4i mo. 

M 

7200 

67 

0.350 

17§ 

406 

56.4 

6.05 

1160 

? skull fracture 

L. 0. 

12 mo. 

M 

11,480 

84 

0.503 

18 

564 

49.1 

6.60 

1100 

Mental defective 

S. M. 

22 mo. 

M 

11,630 

81 

0.490 

23 

504 

43.4 

6.21 

1030 

? hydrocephalus 

J. D. 

13 mo. 

M 

12,750 

82 

0.515 

18J 

691 

54.4 

8.44 

1340 

Osteomyelitis spine 

R. H. 

3iyr3. 

M 

14,700 

99 

0.620 

18 

847 

57.6 

8.56 

1365 

Tbc suspect 

E. R. 

3 yrs. 

M 

15,400 

103 

0.660 

m 

863 

56.1 

8.37 

1308 

Hernia, pre-op. 

B. T. 

31 yrs. 

M 

18,400 

101 

0.700 

17 

938 

51.0 

9.30 

1340 

Hematoma forehead 

J. H. 

6 yrs. 

M 

21,100 

123 

0.860 

18 

1107 

52.4 

9.00 

1290 

Tbc suspect 

C. M. 

10 yrs. 

F 

23,800 

137 

0.970 

19J 

1163 

48.9 

8.50 

1200 

? chorea 

J. K-. 

11 yrs. 

M 

31,100 

139 

1.10 

18 

1790 

57.6 

8.44 

1630 

Idiopathic epilepsy 

G. B. 

14 yrs. 

M 

37,600 

146 

1.25 

23 

1478 

39.3 

10.2 

1190 

? coarctation aorta 

J- P- 

13 yrs. 

M 

39,000 

158 

1.33 

18 

1992 

51.0 

12.6 

1500 

Behaviorism 

M. K. 

11 yrs. 

F 

52,800 

165 

1.56 

23 

1862 

35.2 

11.3 

1193 

Epilepsy, idiopathic 

L. M. 

14 yrs. 

M 

56,800 

165 

1.61 

20 

2440 

43.0 

14.8 

1515 

Small osteosarcoma, 
tibia 
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TABLE II 


Comparison of total body sodium measured by direct chemical analysis* and by isotopic dilution 

in young infants, meg. per Kg, 


Chemical analysis* 

Isotopic dilution 

Number of 

Weight 

Meq. per Kg. 

Number of 

Weight 

Meq. per Kg. 

subjects 

range, Gtn, 

Max. 

Min. 

Average 

subjects 

range. Cm. 

^^3X. 

Min. 

Average 

11 

2476-3360 

93.0 

58.5 

75.9 

6 

1795-3665 

86.8 

66.0 

76.4 


* Calculated from the literature (7-11). 


would probably necessitate prolonging the equi¬ 
libration period considerably; unfortunately only 
one of the samples analyzed for specific activity 
was from a child. About 40% of the bone sodium 
would appear to be exchanged at the end of 1&- 
24 hours in the adult; however, the difficulties en¬ 
countered in determining the specific activity of 
bone sodium make us hesitate to place too much 
reliance on this value without further study. 


TABLE III 


Total body sodium in the human fetus 


Reference 

Weight 

Fetal age, 
lunar 
months 

Total Na 

Na per Kg. 

(7) 

Cm. 

18.2 

3.0 

me^, 

0.9 

50.0 

ill 

23.9 

3.2 

0.8 

34.5 


59.4 

3.7 

4.5 

76.4 

(7) 

114.5 

4.3 

11.6 

101.1 

(7) 

259.0 

5.1 

29.9 

103.7 

(7) 

335.0 

5.4 

31.3 

94.4 

(7) 

490.0 

5.7 

50.5 

103.3 

(8) 

522.0 

4.S-5.0 

55.4 

106.0 

(8) 

570.0 

S.0-5.S 

67.5 

118.5 

7) 

570.0 

6.4 

53.5 

94.4 

(7) 

590.0 

6.2 

55.9 

95.3 

(8) 

800.0 

5.5-6.0 

74.4 

93.0 

t7) 

(12) 

960.0 

7.6 

98.4 

102.5 

970.0 

6.7 

105.0 

108.5 

(7) 

1010.0 

7.2 

83.7 

83.0 

(8) 

1165.0 

6.7 

105.5 

90.5 

7) 

1205.0 

7.7 

104.8 

87.6 

(8) 

1285.0 

7.2 

116.1 

90.5 

(12 

1420.0 

6.7-7.8 

134.0 

94.5 

(7) 

1545.0 

8.2 

136.0 

88.5 

(7) 

1555.0 

8.2 

127.2 

82.0 

(7) 

1615.0 

8.4 

143.3 

89.2 

(11) 

2476.0 

Term 

200.0 

80.9 

(11) 

2616.0 

Term 

176.0 

67.4 

(9) 

2680.0 

Term 

225.0 

84.0 

(11) 

2683.0 

Term 

179.5 

66.9 

(8) 

2720.0 

Term 

2S3.0 

93.0 

(11) 

2755.0 

Term 

196.0 

71.3 

(7) 

2915.0 

Term 

240.4 

76.2 

(ll) 

3080.0 

Term 

284.0 

92.4 

(lO) 

3211.0 

Term 

217.5 

67.7 

(8) 

3300.0 

Term 

193.0 

58.5 

(11) 

3360.0 

Term 

259.0 

77.1 


The literature contains reports of sodium analy¬ 
sis of the complete carcass (in many the meconium 
was removed) of 11 term fetuses. Comparison 
with these data provides the only way in which 
our own measurements can be directly evaluated. 
Values obtained by the two methods are presented 
in condensed form in Table II, in which the 
analyses for term fetuses from the literature are 
set against our analyses (by isotopic dilution) 
for young infants. Agreement between these two 
groups of roughly comparable weight is surpris- 
ingly good, and suggests that total sodium can be 
measured, at least in the young infant, by the 
isotopic dilution method. Most of the sodium of 
the infant, according to this comparison, would be 
exchangeable with radiosodium. This is in con¬ 
trast to the adult, in whom as much as 18% of 
the body sodium may escape detection by the 
isotopic dilution method (2). In the absence of 
data on bone specific activity in infants and chil¬ 
dren we shall continue to designate the quantity 
of sodium measured by our method as total "ex¬ 
changeable sodium.” 

Change in total body soditiw •with age. In 
Table III are listed data from the literature in re¬ 
gard to the direct chemical analyses of 33 fetuses 
and newborns for sodium. The progression of 
values for total body sodium is in the same direc¬ 
tion as we found it to be in infants and children; 
except for the three youngest fetuses, total body 
sodium declines steadily, on a per kilogram basis, 
with advance in fetal age. 

All of the data available on total body sodium 
have been combined in Figure 1 in which the 
sodium content, in meq. per Kg., is plotted against 
age for an age range from the third month of 
fetal life to the 34th year of post-natal life. So¬ 
dium content is quite low during the early months 
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of fetal life (34-50 meq. per Kg.), but rises 
rapidly to a maximum (9*1—118 meq. per Kg.) in 
the five month fetus, after which it falls, at first 
quite rapidly, later more slowly, to adult values 
at about the time of puberty. Interestingly 
enough, adult values are quite similar to those 
noted for the two youngest fetuses. We had 
thought at one point in our investigations that 
experimental error might be responsible for the 
rather wide range of values noted in our sup¬ 
posedly healthy subjects; the spread in values re¬ 
ported for direct carcass analysis, a method which 
should be less subject to experimental error than 
is the isotopic dilution one, was reassuring. 

Relation of total body sodium to body weight. 
Organization of the available data on total body 
sodium (Tables I and III, and Table I of reference 
2) is achieved by plotting sodium content against 
weight on a double logarithmic grid. Values ob¬ 
tained by direct chemical analysis (from the litera¬ 
ture) are illustrated in Figure 2. Two regres¬ 
sion equations are necessary to describe sodium 
growth from the third month of fetal life to birth; 
calculated by the method of least squares, these 


are, for the 18-115 Gm. fetus: 

log Na content, meq. = 1.51 log 

weight, Gm. — 2.044.® (1) 

or in exponential form 

Na, meq. = 0.00904 Gm.^-®^ 

and for the 259-3360 Gm. fetus: 

log Na = 0.832 log weight — 0.537 (2) 

or 

Na = 0.290 Gm,®-”"- 

Whether the change in slope from equation 1, 
indicating tliat sodium content of the fetus is in¬ 
creasing rapidly on a per kilogram basis, to that 
of equation 2, in which the reverse obtains, is 
abrupt or gradual cannot be ascertained from 
the data at hand. 

Data for post-natal life, obtained by the isotopic 
dilution method, are plotted in a similar manner 
in Figure 3. The regression equation for in- 

® Logarithms to the base 10. 


O 
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Fig. 1. Plot of Sodium Content, meq. per Kg., Against Ace in Yeaes 
O = fetus, total body sodium by direct chemical analysis (Table III). Infants, children, 
and adults, TES by isotopic dilution (Table I and Table I of reference 2) : • = males 
X = females. 



570 


GILBERT B. FORBES AND ANNE PERLEY 


fants/ children and adult males is strikingly simi¬ 
lar to that calculated for the older fetuses. The 
following equation fits these data quite well over 
a weight range of 1795-100,000 Gm.: 

log Na = 0.829 log weight — 0.552 (i) 


^ With one exception, all of the infants in our series were 
males. The single female infant was so far removed from 
the main group of female subjects (Table I) that its in¬ 
clusion in the regression calculations for females would 
weight the resulting equation rather heavily in its favor; 
it was therefore grouped with the males. 


or 

Na = 0.281 

For females between 23,800 and 81,600 Gm. in 
weight, the equation is 

log Na = 0.754 log weight — 0.234 (4) 

or 

Na = 0.584 Gm.°-'=‘ 

The various statistical constants for these 
equations are listed in Table IV. In view of the 



Fig. 2. Log-log Plot of Total Body Sodium Against Weight for the Human 

Fetus 

Data from Table III. Regression lines drawn according to equations 1 and 2. The 
dotted lines represent one standard deviation from regression. 
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1000 VOO B.OOO 50.000 «XI,000 



Cnimt 

Fig. 3. Log-log Plot of TES Against Weight for Infants, Children, 

AND Adults 

Data from Table I and Table I of reference 2. Regression lines 
drawn according to equations S, 4, and 6. Dotted lines represent one 
standard deviation from regression (equation 3). Notice that the lower 
half of the right-hand vertical scale has been changed to allow for in¬ 
clusion of the regression line for equation 6. • = males, O = females. 


small number of observations, they are omitted 
for equation 1. 

That there is an orderliness to chemical growth 
is immediately apparent; furthermore, the growth 
pattern can be expressed by a simple exponential 
equation, and it does not seem to be necessary to 
resort to more complicated expressions such as the 
quintic used by Mitchell and associates (13) to de¬ 
scribe calcium growth in the human. The regres¬ 
sion lines described by equations 2 and 3 are vir¬ 


tually parallel, and extrapolation of either one would 
cause it to lie within one standard deviation of the 
other over the range of body weights under 
study. Log-log plots of sodium content against 
height and surface area were also made, but the 
fit of the data (by inspection) was no better than 
that using weight. Logically, weight is to be pre¬ 
ferred over height or surface area as a basis of 
reference, since weight and sodium are both meas¬ 
ured in mass units. 


table rv 


Subjects 

Number 

Weight range, 
Gm 

k 

Standard 
error of k 

Standard 
deviation of 
regression 

Correlation 

coe^cient 

Fetuses 

(equation 2) 

29 

259-3360 

0.832 

0.027 

0.047 

0.988 

Infants, children and adult males 
(equation 3) 

49 

1795-100,000 

0.829 

0.015 

0.057 

0.992 

Females 
(equation 4) 

9 

23.800-81,600 1 

i 

0.754 

0.007 

0.028 

0.972 
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Despite the smooth trend of the data, attested 
by the excellent correlation coefficients (Table 
IV), they are not sufficient to allow formal sta¬ 
tistical comparison between the various regres¬ 
sion equations. The data are not distributed 
homogeneously within each group, and the range 
covered by the female data (equation 4) is too 
small. The largest group of subjects are de¬ 
scribed by equations 2 and 2, whose slopes are al¬ 
most parallel; yet the two regression lines over¬ 
lap during only a small part of the total growth pe¬ 
riod (1795-3360 Gm.). 

Characterisation of total body sodium by means 
of a constant differential growth ratio. Extrapo¬ 
lation of the fetal data (equation 2) to cover the 
range represented by adults (equation 2) is cer¬ 
tainly unwarranted on a statistical basis, yet the 
similarity between the two regression coefficients 
is of considerable interest. 

The data suggest very strongly that a constant 
differential growth ratio characterizes sodium 
“growth” in man from mid-fetal life to maturity. 
First used a half-century ago to relate brain 
weight to total body weight (vide Brody [14] pp. 
605-609), the concept of relative growth rates 
was expanded by Huxley (15) and shown to ap¬ 
ply to individual organ weights and lengths in a 
number of species. Brody (14) demonstrated 
that the concept could be extended beyond the 
realm of morphology to include a number of phy¬ 
siological functions, while Needham (16) called 
attention to the fact that chemical growth could 
also be characterized in this way. The general 
equation is an exponential one, y = bW''. Using 
symbols appropriate to this report we have 


Na = bW'' (5) 


where Na is total body sodium or total "ex¬ 
changeable sodium” in meq. depending on which 
of the foregoing equations are used, and W is 
body weight in Gm. The general equation states, 
in essence, that the specific growth rate of an 
organ or in this instance a body constituent, 

, is directly proportional to the specific 


growth rate of the body as a whole. 


1 dW , 
W ■ dt • 


^Specific growth rate is defined as the rate of change 
of log body size with respect to time, , in con- 

d\V 

trast to simple growth rate, . 


The close fit of the data noted in Figures 2 and 3 
indicates that equation 5 can be used to describe 
the process of chemical growth in man quite 
nicely, and consequently that the rate of sodium 
accumulation per unit total body sodium is di¬ 
rectly proportional to the rate of increase in body 
weight per unit weight during growth. The ex¬ 
ponent k, which is independent of the units of 
measurement employed, is the ratio of differential 
growth. The data presented in this report indi¬ 
cate that k is constant in the human organism 
between weights of 250-100,000 Gm. 

Equation 5 states that body sodium content does 
not vary directly with simple body weight but 
with body weight raised to the &th power. Brody 
proposed that W'‘ be designated “physiological 
weight” or “metabolically effective weight” in 
contradistinction to which is body mass or 
gravitational weight. Total body sodium in¬ 
creases during growth as a constant fractional 
power of body weight: in terms of per cent 
change, body sodium content increases by only 
83% for each 100% change in weight. A con¬ 
sideration of equations 2 and 3 indicates that this 
“fundamental chemical plan of animal growth’ 
(16) is in operation over most of the span of 
human growth. 

Data on total body sodium content have been 
reported for the chick embryo (17) and for the 
young rat (18). The ratio of differential growth, 
k, remains constant in the chick embryo at the 
value of 0.94 between four and 21 days of incuba¬ 
tion, and for the rat at 0.812 over the period 
studied, from birth to 28 days.® The latter ratio 


; very close to that for the human; it is un- 
kely, therefore, that the demonstrated mathe- 
latical relationship between sodium content and 
ody weight in man is a fortuitous one. Al- 
lough objections have been raised to the use of 
ich a simple mathematical expression for de- 
:ribing growth (19), it has proved very useful in 
iterpreting a variety of growth phenomena ^ m 
ifferent species and in providing a basis for in- 
;rspecies comparison (14). 

A comparison of the regression equations for 
;tuses (equation 2) and for infants, children, and 
lults males (equation 2) suggests that there may 
» systematic error in the isotopic dilution method 
determination of total body sodium m that 


o£ k was determined by inspection in the 
e of the chick data and by calculation for tlie rats. 
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values appear to be slightly lower than would be 
predicted from extrapolation of data obtained by 
direct chemical analysis. If it is assumed that a 
comparison between these two equations is war¬ 
ranted, mean values for total “exchangeable so¬ 
dium” represent of total body sodium in the 
infant of 3000 Gm. and 91 of the total sodium 
in the 100 Kg. adult male. The close similarity of 
the regression coefficients for equations 2 and 3 
in some degree justifies the extrapolation of the 
fetal data; however, the question of the exact 
magnitude of the relationship of TES to the actual 
amount of sodium in the body cannot be settled 
until complete carcass analyses have been made 
in the older child and adult. 

Predicted values for total "exchaugeable so¬ 
dium." The equations presented above allow one 
to predict the mean value for sodium content for 
any group of individuals of given weight. Total 
body sodium can be predicted for the human 
fetus 18 Gm. or more in weight by the use of 
equations 1 and 2, and total “exchangeable so¬ 
dium” in post-natal life for subjects whose body 
weights are between 1800 and 100,000 Gm. in 
weight by substitution in equation 3 and 4. 

The mean content of sodium, in terms of meq. 
per Kg. body weight, can be calculated directly 
if equations 1-4 are written in a slightly different 
way. Using equation 3 as an example, and con¬ 
verting to kilograms, we have 

meq. Na (TES)/Kg. = 281 weight, Gm."®-^^^ (d) 

A plot of equation d is included in Figure 3, 
from which can be read directly the mean total ex¬ 
changeable sodium, meq. per Kg., for any given 
body weight from 1795 to 100,000 Gm. There 
is, therefore, a steady and predictable decline in 
sodium content per unit weight during growth. 
Our data are not sufficient to permit statements 
as to the magnitude of the deviation from this 
curve which could be considered abnormal for 
any given subject. 

The sodium increment of normal growth. Dif¬ 
ferentiation of the relative growth equation, Na 
= bW', with respect to weight, yields the fol¬ 
lowing : 

d (Na)/dW = k Na/W (7) 

The rate of change of sodium content with respect 
to weight is therefore a function of the amount of 
sodium in the body, in terms of meq. per unit 


weight, and would be expected to decline as 
growth proceeds since k is less than unity. From 
this equation the instantaneous rate of change in 
body sodium per unit body weight gain can be 
calculated for any given body weight. As a re¬ 
sult, one can anticipate the sodium increment due 
to normal growth from a knowledge of initial 
weight and weight gain provided the observational 
period is not too long. For example, an infant of 
4000 Gm. (predicted sodium content 0.068 meq. 
per Gm.) would be expected to retain 0.068 X 
0.829 = 0.056 meq. of sodium for each gram of 
weight gain as a result of normal accumulation of 
new body tissue. A gain of 20 Gm. in body 
weight on this particular day of observation would 
therefore lead to a positive sodium balance of 1.1 
meq. Perhaps calculations done in this way could 
be of some use in the interpretation of balance 
studies. 

Correlation of total sodium content with other 
body components. A number of organ weights in 
man have been related to total body weight by the 
use of the relative growth equation (Brody [14], 
p. 584). One can therefore calculate the relative 
growth rate of a given body component in terms 
of a second component in the way suggested by’ 
Adolph (20). 

The importance of the kidney in body sodium 
economy is brought out most clearly by this sort of 
approach. During post-natal life of all the organs 
listed for man, only kidney weight changes as the 
0.83 power of body weight, the equation being 
y = 0.00892 W®-®®, where y and W stand for kid¬ 
ney weight and total body weight, respectively, in 
grams. Since total body sodium (or TES) also 
changes as the 0.83 power of body weight during 
growth, there is an arithmetic relationship be¬ 
tween kidney weight and the amount of sodium in 
the body. Division of equation 3 by the equation 
for the kidney weight yields the following: 

TES, meq. _ 0.281 _ e 
kidney weight, Gm. 0.00892 

which suggests that each gram of kidney tissue 
supports in the body economy about 31.5 meq. of 
“exchangeable” sodium. Renal function per se 
is not considered here; rather it is the relation of 
absolute kidney weight to the amount of sodium 
present in the body. The ratio is applicable (at 
least in males) over a large range of body weight. 
While this type of mathematical approach does not 
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constitute proof of the suggested relationship be¬ 
tween sodium content and kidney size, it does serve 
to emphasize further the intimate role of the kidney 
in sodium metabolism. Data for the mass of two 
other body components concerned in sodium metab¬ 
olism, namely, skeleton and muscle, unfortunately 
are not available for comparison with total sodium 
content in this way. 

SUMMARY 

1 ) Measurements of total “exchangeable so¬ 
dium” (TES) were made in a series of 21 infants 
and^ children by the isotopic dilution method, using 
radiosodium-k The subjects ranged in weight 
from 1795 to 56,800 Gm, 

2) A comparison of the data for young infants 
with carcass analyses reported in the literature in¬ 
dicates that the two methods for determining total 
body sodium give comparable results. 

3) Values for TES are highest in the young 
infant, averaging 70 meq. per Kg. in the 3300 Gm. 
newborn and gradually decline in a curvilinear 
fashion with age until adult values are reached 
(approximately 42 meq. per Kg.). 

4) When all of the available data on total body 
sodium (TES data from this report and that of 
the preceding report [2] together with carcass 
analyses from the literature) are brought together, 
a straight line relationship results when sodium 
content is plotted against body weight on a double 
logarithmic grid. 

Total body sodium thus conforms to the 
relative growth equation, Na = bW*^, from raid- 
fetal life to maturity. Regression equations have 
been calculated which allow mean values of total 
body sodium or TES to be predicted for any given 
weight. 

Treatment of the data in this way suggests 
several tentative conclusions: 

Total sodium changes with body weight in a 
predictable systematic fashion, namely, as a frac¬ 
tional power of body weight, and behaves as a 
constant differential growth ratio. 

5) Predictions of the sodium retention occur¬ 
ring as a result of normal growth can be made for 
any given weight. 
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The development of edema during the course of 
trichinosis has been observed in patients for many 
years. The accumulation of fluid, especially around 
the eyes, has been recognized as one of the most 
frequent clinical manifestations of the disease. 
The mechanism hy which edema develops during 
the course of this and other acute infectious dis¬ 
eases has been obscure. 

During the course of studies on patients with 
Rocky Mountain spotted fever, it was observed 
that alterations in the distribution of body fluids 
with the development of marked clinical edema 
reached a maximum just before clinical recovery 
begins (1). Observations on one patient who had 
been given hyperimmune rabbit antiserum for 
Rocky Mountain spotted fever showed that the al¬ 
terations in the blood volume and thiocyanate space, 
which occurred during classic serum sickness fol¬ 
lowing recovery from the initial disease, resembled 
strikingly those seen in the same patient during the 
acute stage of the rickettsial infection. These ob¬ 
servations suggested the possibility that an im¬ 
mune reaction may be directly or indirectly re¬ 
sponsible for the changes in the permeability of 
membranes which permit alteration in the fluid 
distribution in rickettsial spotted fever. 

In subsequent studies on experimental serum 
sickness in rabbits, the alterations in the distribu¬ 
tion of body fluids were found to resemble those 
encountered in patients with spotted fever (2). 
The time relationship between the maximal altera¬ 
tions and the appearance of circulating antibodies 
(precipitins) was interpreted as indicating that 
the increase in permeability of membranes was the 
result of an antigen-antibody reaction. 

The present experiments were undertaken to 
determine the magnitude of changes in the blood 

*^This study was aided by a grant from the John and 
Mary R. Markle Foundation. 


volume and thiocyanate space which occur during 
an interstitial infection such as trichinosis (as con¬ 
trasted to the intracellular infection of spotted fever 
and the antigen-antibody reaction induced without 
infection of serum sickness) and to correlate the 
physiologic alterations with the development of 
humoral immunity. 

MATERIAL 

Domestic rabbits of mixed breeds, weighing 2 to 4 kilo¬ 
grams each, were placed in individual cages and fed a 
stock diet (Kasco Complete Rabbit Ration, Kasco Mills, 
Inc., Toledo, Ohio), supplemented once weekly by fresh 
green vegetables. Water was given without restriction. 

The strain of Trichinella spiralis used was obtained 
from the National Institute of Health and was carried in 
white rats. The rats were killed six weeks after infec¬ 
tion, and the skeletal muscle was pooled and chopped fine 
with scissors. A sample of the pooled meat was examined 
in a muscle press and found to contain approximately 120 
encysted muscle trichinae per Gm. It was fed to the 
rabbits within 24 hours. 

METHODS 

The details of the chemical techniques and experimental 
procedure for fluid volume determinations in rabbits have 
been previously published (2, 3). 

Immunologic technique: The presence of circulating 
humoral antibody was detected by the ring precipitin test 
performed in 2 X 20 mm. tubes. Undiluted rabbit serum 
(antibody) was overlayed with a 1:200 dilution in saline 
of powdered muscle trichinae (antigen) prepared by 
Bozicevich’s method (4). 

Plan of the experiment: Determinations of the blood 
volume, thiocyanate space and precipitin tests were done 
simultaneously every second or third day. A minimum 
of eight determinations was done on each animal. The 
two groups were treated in exactly the same fashion ex¬ 
cept for the feeding of trichinous rat meat Uninfected 
meat was not fed to the rabbits in group 1, since previous 
experiments had failed to demonstrate that the feeding of 
uninfected rat meat can produce sensitization to foreign 
proteins (5). The six control animals (group 1) were 
followed at least 30 days. 
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After a baseline for the individual animal had been 
established, tlie 10 rabbits in group 2 were each forced to 
eat 3 to 7.5 Gm. of the trichinous rat meat (Table I). 
Five of the animals were fed half of the infecting dose on 
each of two successive days. All of the animals in group 
2 were followed at least 30 days following the feeding 
of trichinous meat, unless accidental death from hemo- 
pericardium supervened. 

Statistical analysis: The details of the statistical meth¬ 
ods have been previously described (2). The total blood 
volume, plasma volume, hematocrit and thiocyanate space 
were recorded in absolute values (Table I). The mean 
of two successive baseline determinations on each ani¬ 
mal was compared with the mean of two successive de¬ 
terminations made just before the precipitin test became 
positive and on the day precipitins appeared. In this 
fashion, each ^mimal in the experimental group (group 2) 
served as its own control. 

The data as obtained in absolute values were then cal¬ 
culated in terms of milliliters per kilogram of body weight 
on the day the measurement was made. 

The data were further analyzed comparing the first 
baseline determination with the determination made just 
prior to the appearance of precipitins, and comparing the 
first baseline determination with the determination made 
on the day precipitins were first detected. These re¬ 
sponse values were also analyzed in terms of absolute val¬ 
ues and of milliliters per kilogram of initial body weight. 

RESULTS 

Control on methods: The data in the uninfected 
animals (group 1) are in accord with those pre¬ 
viously published and are not presented in detail 
since they are not utilized in the statistical calcula¬ 
tions in the infected animals (group 2) (2, 3). 

General observations: None of the animals in 
group 1 showed any symptoms or signs suggesting 
trichinosis. No reaction was noted in any rabbit 
to the repeated intravenous injection of dye and 
no evidence of sensitization was detected by skin 
or precipitin test. 

Clinical evidence of infection appeared in seven 
of 10 animals in group 2 within the first 10 days 
following the feeding of trichinous rat meat. In 
five of these animals the skin became soggy, hot, 
and moist between the fifth and ninth days and re¬ 
mained so for a maximum of five days. This edema 
was most striking in the skin over the abdomen but 
was not evident unless the fur had been clipped. In 
the other two animals the initial sign of infection 
was the appearance of a thin, hot, dry skin between 
the eighth and 10th days. In these seven animals 
the clinical signs reached a maximum and largely 
subsided before the precipitin test became positive. 


Three animals developed clinical signs after the 
10th day of feeding. In one the skin became hot 
and dry on the 15th day—the time at which a posi¬ 
tive precipitin test was first detected. Another 
rabbit developed edema after the appearance of a 
positive precipitin test. 

In general the clinical severity of early trichinosis 
appeared to be directly related to the number of 
muscle trichinae ingested (Table I), The rabbit 
fed the largest amount of trichinous meat (7.5 
Gm.) developed the severest clinical edema. The 
three animals in which clinical signs appeared late 
in the course of observation had been fed the mini¬ 
mal dose of rat meat (3 Gm.). In general the 
changes in the distribution of body fluid measured 
paralleled the clinical severity of the disease 
process. 

At the conclusion of the experiment a sample of 
meat from each rabbit was examined by either the 
muscle press or digestion technique; all the ani¬ 
mals in group 2 were infected. 

Four of the animals appeared jaundiced; one on 
the fifth, two on the 10th, and one on the 11th 
day after feeding. 

Immunologic findings: In all 10 animals in 
group 2 precipitin tests to trichinella antigen be¬ 
came positive and remained so during the period 
of observation; the distribution was as follows: 


Onset of positive precipitin testa 


Days after feeding 

11 

15 

16 

17 

19 

20 

24 

Number of rabbits 

1 

1 

1 

1 


2 

1 

1 

1 


Thiocyanate space: Increases in the thiocyanate 
space developed at some time during the period of 
observation in all of the animals in group 2 (Table 
I). In all except two the increase in thiocyanate 
space had begun to subside before the precipitin test 
became positive. In six animals the thiocyanate 
space increased a second time following the devel¬ 
opment of a positive precipitin test (Figure 1). 

The alteration in thiocyanate space did not par¬ 
allel the changes in body weight. At some time 
during the period of observation, in all animals, the 
body weight did not change appreciably or in¬ 
crease as the thiocyanate space increased. As the 
thiocyanate space subsequently decreased, this al¬ 
teration was again out of proportion to the change 
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TRICHINOSIS IN RABBIT 



Fig. 1. Fluid Changes in a Rabbit Fed 6 Gm. of Trichinous Rat Meat 
Note the increase in thiocyanate space on the 14th day after the first 
feeding, without a concomitant relative increase in body weight. The blood 
volume was decreased slightly during the 10th to 14th days. This rabbit was 
severely ill; it developed clinical jaundice on the 10th day. The physiological 
changes were reversing when the precipitin became positive on the 17th day. 


in body weight and could not be accounted for on 
this basis alone. 

When the mean of the two baseline determina¬ 
tions is compared statistically with the mean of the 
two response values recorded in the table, the value 
of d is found to be + 90.6; Sd 29.1; t 3.11, giving a 
value for P between 0.01 and 0.02. When the 
analysis is performed utilizing the first baseline 
and the data obtained just before the appearance 
of the positive precipitin test, the data are highly 
significant whether analyzed in terms of absolute 
values or of milliliters per kilogram of weight on 
that day. The corresponding figures are, re¬ 
spectively : d + 128.5, Sd 29.4, t 4.37, P less than 
0.01; and d + 39.8, Sd 11.8, t 3.37, P less than 0.01. 
When the first baseline value is compared with the 
first response in terms of milliliters per kilogram of 
initial (baseline) body weight, the figures are also 
highly significant with t 4.25 and P less than 0.01. 

Blood volume: Alterations in the plasma volume 
were not significant by any means of calculation. 


When alterations in the total blood volume were 
calculated in terms of milliliters per kilogram of 
body weight on the day of the first response and 
were compared with the first baseline determina¬ 
tion, the value of t was 3.25 with P 0.01, No 
other values were significant. 

On the whole the minor decreases in blood vol¬ 
ume tended to precede the development of a posi 
tive precipitin test and paralleled the clinical se¬ 
verity of the disease. 

Hematocrit: A steady decrease in hematocrit 
was observed early in the experiment and tended 
to disappear with recovery. The values were statis 
tically significant with P less than 0.01 when the 
first baseline value was compared with either the 
first or second response value. The t values were 
respectively 6.13, 3.55. 

Weight: The changes in weight were not con¬ 
sidered statistically significant since the value for 
P was always greater than 0.05. 
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DISCUSSION 

The experiments indicate that rabbits experi¬ 
mentally infected wth trichinosis exhibit altera¬ 
tions in the fluid space which is available for 
the diffusion of thiocyanate ion. The maximal 
alterations occur just before the appearance of 
circulating humoral antibodies (precipitins) in the 
serum. This finding correlates well with the pre¬ 
vious clinical observation that the symptoms of 
serum sickness begin to disappear with the ap¬ 
pearance of precipitins (6). 

In trichinosis, however, the immunologic prob¬ 
lem is more complicated than in serum sickness. 
Serum disease is usually produced by a single in¬ 
jection, containing all antigens, and the response is 
dramatic. In trichinosis, on the other hand, mul¬ 
tiple antigens are being continuously introduced 
over a period of weeks. The two increases in the 
thiocyanate space detected in some animals may be 
the result of antibody responses to two distinct 
antigens. Differences have been suspected in the 
antigens contained in the bodies of adult and larval 
forms of trichinae (7); it is possible that the anti¬ 
genic components of immature, unencysted trichi- 
nella larvae may also be slightly different from the 
mature encysted forms. Previous studies have 
demonstrated that peptic and tryptic digestion de¬ 
stroys the protein fraction of the larvae, but does 
not destroy the antigenicity of some remaining 
component which presumably is a carbohydrate 
(8). The adult female attaches to the intestinal 
mucosa and secretes an antigen which probably is 
of little significance in the acute disease; the anti¬ 
body, however, is concerned with the prevention of 
re-infection. Because of the relatively small num¬ 
ber of adults in relation to the huge number of 
larvae, it is likely that the larval antigens are of 
greater concern in acute trichinosis. In any event, 
the physiologic alterations caused by different anti¬ 
genic substances appear to vary quantitatively but 
not qualitatively. 

Permeability of capillary membranes: Observa¬ 
tions on human beings with rickettsial spotted fever 
and on rabbits with experimental serum sickness 
have been interpreted as indicating that alterations 
in the permeability of the vascular tree occurred 
(1, 2). The degree of alteration varied with the 
clinical severity of the disease process. In mild 
instances water and ions which normally traverse 


the capillary membrane would leave the blood more 
readily. Larger molecules such as protein would 
be lost in more severe instances and red blood cells 
would pass out of the vascular tree only in the 
most severe reactions. 

During the stage of edema of the muscles in se¬ 
vere clinical trichinosis the accumulation of fluid 
is associated with oliguria which lasts from one 
to two weeks and is followed by diuresis. This se¬ 
quence of events is also observed during pneu¬ 
monia and serum disease and is accompanied by 
retention of water, sodium and chloride (9, 10). 
These clinical findings can be explained by an in¬ 
crease in capillary permeability; water and ions 
lost from the vascular tree must be retained in the 
tissues. 

When serial determinations of the blood proteins 
have been made in clinically severe instances of 
the disease hypoproteinemia has been found (11). 
The minimal decreases in blood volume detected 
by the dye method indicate that in the experiments 
reported the alteration in capillary permeability to 
molecules larger than those of salt and water was 
equivocal. Rough determinations of the serum 
proteins by a microtechnique showed only slight 
alterations in these rabbits. Protein levels in the 
plasma and interstitial fluid of patients with the 
disease should be followed serially, especially dur¬ 
ing the stage of edema, to determine whether pro¬ 
teins leak into interstitial spaces. Information on 
the rate of protein excretion is also needed to esti¬ 
mate the degree of tissue destruction and of pro¬ 
tein loss. 

The drop in the hematocrit without evidence of 
intravascular hydration indicates that red blood 
cells were lost from the vascular compartment. 
The drop was apparently not due to the repeated 
cardiac punctures since the hematocrit remained 
constant in group 1 and other experiments have 
shown that the amount of blood withdrawn is in¬ 
adequate to produce this change (2, 3). No pe- 
techiae were noted and it is tmlikely that the de¬ 
gree of hemorrhage which accompanies the break¬ 
ing out of larvae from capillaries into interstitial 
muscle spaces is adequate to explain the drop in 
hematocrit. It is known that the trauma which oc¬ 
curs during penetration of gravid trichinae into the 
mucosa of the small intestine results in microscopic 
ulceration and bleeding. J'lo evidence has been 
presented, however, that intestinal trichinae ingest 
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red blood cells in the manner that the hookworm 
does. The icteric tint of the serum and clinical 
jaundice observed in four rabbits during the period 
when the blood volume was reduced suggest that 
some red cells may have been hemolyzed. Intra¬ 
vascular hemolysis results from antigen-antibody 
reactions which directly involve red blood cells, 

. but no such process is recognized in trichinosis. 

Cellular permeability: It is not known whether 
the thiocyanate ion normally diffuses into cells or 
not. The fact that some rabbits showed an in¬ 
crease in thiocyanate space without a comparable 
increase in body weight would favor the thesis that 
some re-distribution of fluid had occurred, whether 
or not additional fluid ingested in food or water 
was retained. It would appear that the increase 
in thiocyanate space is not due entirely to an in¬ 
crease in fluid between cells but is indicative of in¬ 
creased hydration within cells. If this be true, the 
reversible psychic disturbances seen during the 
stage of edema in acute clinical trichinosis may be 
due to excessive hydration of nerve cells. 

The appearance of positive skin tests in patients 
with trichinosis has been interpreted as indicating 
the development in the disease of cellular immunity 
and hypersensitivity which often is of marked de¬ 
gree. It is likely that the cellular component of 
immunity of trichinosis is greater than the humoral 
component. If the appearance of circulating anti¬ 
bodies is indicative of prior neutralization of anti¬ 
gens attached to cells as well as circulating in the 
blood, the maximum physiologic alterations result¬ 
ing from their interaction would precede the de¬ 
tection of humoral immunity. Such was the case. 
Apparently an antigen-antibody reaction occurred 
either on the cell surface (as probably occurs in se¬ 
rum sickness) or within the cell (as in rickettsial 
disease) ; the cell was injured and the permeability 
of the cell membrane to the thiocyanate ion was in¬ 
creased. 

Mechanisms: It has been postulated that hista¬ 
mine or some similar substance is released during 
the interaction of antigens with antibodies. The 
liberation at the cell or capillary wall of some sub¬ 
stance which would increase the permeability of 
the cell membranes would enhance the transmis¬ 
sion of molecules including the thiocyanate ion 
across the surface. It is not known whether the 
antigens in trichinosis attach to the vascular wall 
or to tissue cells outside the vascular system as 


well. The anatomic location of trichinella larvae 
in the interstitial spaces would favor the latter hy¬ 
pothesis. 

In the microscopic examination of human mus¬ 
cle, when no trichinae are found it is sometimes 
difficult to differentiate trichinosis from periarteri¬ 
tis nodosa, and a possible relationship between the 
two diseases has been suggested (12). Lesions 
resembling periarteritis have been found in rabbits 
sensitized to horse serum (13). The above obser¬ 
vations add further support to the view that the 
symptoms and signs of clinical trichinosis may be 
at least partially due to sensitization of the host 
to antigenic substances contained in or secreted by 
trichinae. 

The present study indicates that the physiologic 
alterations which may result from antigen-antibody 
reactions occurring during an interstitial infection 
are more profound than has been appreciated in the 
past. The principles of supportive therapy previ¬ 
ously described in Rocky Mountain spotted fever 
which emphasize alterations in permeability of 
membranes may be usefully applied to the treat¬ 
ment of patients with trichinosis (14). The pos¬ 
sibility that the administration of antihistaminic 
drugs may decrease the physiologic alterations 
resulting from the immune or allergic reactions 
should be considered. 

SUMMARY 

1. Trichinosis, an extracellular infection, is ac¬ 
companied in rabbits by clinical edema and an in¬ 
crease in the fluid space available for dilution of 
thiocyanate ions. 

2. The changes were interpreted as indicating 
an increase in permeability of the vascular tree, 
probably in the capillary wall, so that crystalloids 
were lost from the circulation into the interstitial 
spaces. 

3. Occasional discrepancies observed between 
the increase in thiocyanate space and the changes 
in weight suggest that cellular permeability is 
probably also increased to water and ions. 

4. A significant drop in hematocrit occurred; 
in occasional animals it was accompanied by^ clini¬ 
cal jaundice and the appearance of icterus in the 

serum. . • 

5 The physiologic changes were maximal just 

before humoral antibodies( precipitins) appeared, 
suggesting that the alterations may have been due 
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directly or indirectly to an antigen-antibody reac¬ 
tion, 

6. The clinical symptoms and signs of trichinosis 
are not solely due to mechanical blockage of capil¬ 
laries or arterioles by migrating larvae, but are 
more likely the result of re-distribution of fluid in 
the extravascular spaces. 
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With increasing use of antibiotics, the recovery 
of specific causative organisms in bacterial infec¬ 
tions is made less frequently. Failure to demon¬ 
strate the specific bacteriological agent involved is 
commonly encountered in patients hospitalized af¬ 
ter the administration of varying amounts of anti¬ 
biotics. During the course of infections due to the 
pneumococcus, type-specific capsular polysaccha¬ 
rides have been detected in blood, urine, sputum 
and pleural exudate (1-6). There is no record 
of the demonstration of type-specific capsular poly¬ 
saccharides in the cerebrospinal fluid of patients 
with pneumococcic meningitis, although the oc¬ 
currence of capsular polysaccharides in the cerebro¬ 
spinal fluid of patients with meningococcic menin¬ 
gitis is well established (7-10). The purpose of 
this communication is to report the detection of 
capsular polysaccharides in the cerebrospinal fluid 
of five patients with pneumococcic meningitis and 
one patient with meningitis due to Klebsiella 
pneumoniae. 

MATERIALS AND METHODS 

Group and type-specific rabbit anti-pneumococcal sera, 
types 1 to 33, were obtained from the New York City 
Department of Health. Group-specific rabbit anti-Kleb¬ 
siella pneumoniae sera, groups A and B, were provided 
by Dr. Michael Heidelberger. 

As has been previously shown, the presence of C-poly- 
saccharide and C-antibody may interfere with the inter¬ 
pretation of positive precipitin reactions (7, 8). In the 
present studies, the cerebrospinal fluid of two patients with 
pneumococcic meningitis showed the presence of C-poly- 
saccharide when tested with horse-serum containing a 
high titre of C-antibody. For that reason, all typing and 
grouping sera used were first absorbed with S micro¬ 
grams of C-polysaccharide per milliliter of serum to re¬ 
move the C-antibody present. The C-polysaccharide used 
in the absorption was derived from a type VII pneumo¬ 
coccus. 

In attempting to demonstrate the presence of a pneu¬ 
mococcus polysaccharide, a preliminary test was done 
using polyvalent sera, types 1 to 33, each containing 

1 This study has been aided by a grant from the Ameri¬ 
can Cancer Society. 

= John and Mary R. Markle Scholar. 


precipitins to four types of pneumococci. Five-tenth mil¬ 
liliter portions of C-absorbed group-specific antisera 
were placed in small sterile test tubes. Five-tenth mil¬ 
liliter portions of cerebrospinal fluid, which had been 
cleared by centrifugation, were added to each of the tubes 
containing group-specific antisera. Saline was added to 
the serum and cerebrospinal fluid control specimens. The 
contents of the tubes were mLxed and allowed to stand 
for one hour at room temperature. The tubes were then 
centrifuged and examined for the presence of a precipitate; 
if none was visible, tlie tubes were placed at 4° C. and re¬ 
examined at the end of 24 and 48 hours. If one of the 
tubes contained a precipitate, the cerebrospinal fluid was 
then set up in a similar manner against each of the four 
type-specific antisera in'tliat group. 

When attempting to demonstrate the presence of capsu¬ 
lar polysaccharide of Klebsiella pneumoniae, in addition 
to tests with specific antisera, one spinal fluid sample was 
set up against type II pneumococcus antiserum. It has 
been demonstrated that the capsular polysaccharide of 
Klebsiella pneumoniae group B organisms cross-reacts 
with antiserum to type II pneumococcus (11). 

RESULTS 

Seventeen specimens of cerebrospinal fluid from 
10 patients with purulent meningitis were tested. 
All of the patients received penicillin in large dos¬ 
age by parenteral and intrathecal routes immedi¬ 
ately after the initial cultures of the cerebrospinal 
fluid were obtained. Results of cultures and the 
precipitin tests are shown in Table I. All control 
tests were negative. Specimens from two patients 
showing no growth on culture were negative for 
pneumococcal polysaccharide. One patient with 
Actinomyces bovis and one patient with Crypto¬ 
coccus hominis on spinal fluid culture showed no 
pneumococcus polysaccharide. One patient from 
whom an untypable Friedlander’s bacillus was cul¬ 
tured, was shown to have capsular polysaccharide 
of Klebsiella pneumoniae group A in his spinal 
fluid. The corresponding type-specific capsular 
polysaccharide was demonstrated in the spinal fluid 
of each patient with proven pneumococcic menin¬ 
gitis. One patient in whom a pneumococcus infec¬ 
tion was suspected but with a negative spinal fluid 
culture showed type I capsular polysaccharide. 
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TADLE I 


Patient 

Culture of CSF 

Teat for poly¬ 
saccharide m CSF 

Persistence of 
polysaccharide 


1 


{days) 

1 

Negative 

Negative 

— 

2 

Negative 

Negative 

— 

3 

Actinomyces 

Negative 

-- 

4 

Cryptococcus 

Negative 

— 


hominus 



5 

Klcb. pneum. 

Kleb. pneum. 

3 

1 

6 

? type 

Pn. vfir 

Group A 

Pn. vm 

3 

7 

Pn. VI 

Pn. VI 

6 

8 

Pn. XIX 

Pn. XIX 

2 

9 

Pn. VI 

Pn. VI 

8 

10 

Negative 

Pn. I 



The polysaccharides, when detected, were shown 
to persist in specimens obtained at least two days 
after the cerebrospinal fluid cultures were nega¬ 
tive. In one patient, the polysaccharide was still 
demonstrable eight days after the cultures had be¬ 
come negative (see Table I). 

COMMENT 

The test described is quite sensitive since as little 
as 2 or 3 micrograms of capsular polysaccharide, in 
the presence of a potent specific antiserum, will 
give an easily visible precipitate. A positive test 
is probably specific if preliminary removal of C- 
antibody from the typing sera is carried out. A 
negative test does not necessarily rule out the pos¬ 
sibility of a pneumococcal meningitis because, un¬ 
der the conditions of the test, there is no informa¬ 
tion on the absolute amount of antigen added. 
Cerebrospinal fluid containing capsular polysac¬ 
charide in low concentration may have to be added 
in large amounts to produce a visible precipitin 
reaction. In the presence of unusually high con¬ 
centrations of capsular polysaccharide, the precipi¬ 
tin reaction may possibly be inhibited by virtue of 
entering the zone of large antigen excess (12). 

Identification of the specific causative organism 
in bacterial meningitis has been made much more 
difficult because of the liberal use of antibiotics. 
The detection of bacterial polysaccharides in the 
cerebrospinal fluid may be of assistance in making 
the specific bacteriological diagnosis in patients 
with meningitis who have received previous anti¬ 
biotic therapy. 

SUMMARY 

1. Capsular polysaccharides have been demon¬ 
strated in the cerebrospinal fluid of five patients 


with pneumococcic meningitis and one patient with 
meningitis due to Klebsiella pneumoniae. 

2. The capsular polysaccharide was still demon¬ 
strable in cerebrospinal fluid specimens taken from 
two to eight days after the cerebrospinal fluid cul¬ 
tures showed no growth. 

3. The demonstration of specific capsular poly¬ 
saccharide in the spinal fluid may be of diagnostic 
value in establishing the nature of the pathogen in¬ 
volved in patients in whom the organism cannot be 
recovered because of previous antibiotic treatment. 
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Abnormal accumulations of sodium have been 
demonstrated by direct analysis of the tissues of 
dogs (1) and rats (2) that had been made hyper¬ 
tensive by renal ischemia. These observations 
are of special interest because of the reductions of 
blood pressure in hypertensive patients that may 
be induced by means of extreme restriction of the 
dietary sodium. Talcen together, these facts sug¬ 
gest that the benefit experienced by the patients 
might be due to the removal of excess sodium. 

On the other hand, it must be recognized that 
hypertension is not a necessary, or even a usual, 
consequence of sodium retention. Accumulations 
of extracellular fluid in association with normal 
levels of blood pressure are of frequent occurrence 
in a variety of diseases, including renal disorders. 
Therefore, if the retention of sodium is to be re¬ 
garded as contributory, rather than as merely inci¬ 
dental, to the development of hypertension, it must 
be linked to some other metabolic disturbance in 
this particular disease. 

In the present study five hypertensive patients 
were subjected to large changes in their rations 

^ The radiosodium used in this investigation was sup¬ 
plied by Oak Ridge on allocation from the Isotopes Divi¬ 
sion, United States Atomic Energy Commission, 


of dietary sodium. Resultant changes in the so¬ 
dium content of their bodies were measured by iso¬ 
tope dilution. These observations have been cor¬ 
related with the changes in their clinical status 
and with inferred changes in the degree of cellular 
hydration. It is suggested that the latter may be 
the important factor that is linked to the depletion 
of sodium. 

PROCEDURE 

Five patients with benign and uncomplicated hyper¬ 
tension were chosen for a study. Apart from Grade I 
changes in their ocular fundi and slight enlargements of 
the heart shadow in their chest films, the results of physi¬ 
cal and laboratory examinations were negative. In par¬ 
ticular all patients had normal urea clearances and ab¬ 
sence from the urine of significant quantities of protein, 
casts and cells. Further clinical data are summarized m 
Table I; similar data also are given for the three norma 
subjects who served as controls in the measurement o 
exchangeable sodium. 

During the five to seven months of this study the pa¬ 
tients remained entirely on the metabolic ward, except 
for a vacation of three days during the Christmas season. 
Confinement to a hospital ward necessarily limited t e 
physical activity of each patient; at no time, however, 
were the patients restricted to bed. 

A central feature in the design of the investigation was 
the provision of an extended time during which 
dium intake was maintained at a high normal value ( 


TABLE I 
Clinical data 


Patient 

R. I. H. 

No. 

Age 

Sex 

Family history 
of hypertension 

Known duration 
of hypertension 

A 

12,450 

years 

26 

female 

-h-b-f- 


B 

12,447 

44 

female 

0 


C 

12,451 

27 

male 

+ 


D 

12,453 

39 

female 

0 


E 

12,465 

41 

male 

0 


F 

normal control 

35 

male 

0 

0 

G 

normal control 

37 

male 

0 

0 

H 

normal control 

28 

male 

+ 

0 


Disease other 
than 

hypertension 


0 

0 , 

migraine 

0 

0 


0 

0 

0 


Ratio 
initial wt. 
ideal wt.* 


1.12 

1.07 

1.12 

1.06 

1.12 


1.01 

1.06 

0.85 


statistics (7). 
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meq./day) by the addition of salt tablets to a diet other¬ 
wise low in sodium (less than 7 meq./day). During this 
preliminary time, changes in the daily intakes of water 
and of protein were imposed in order to demonstrate any 
clinical effects of these factors in the absence of sodium 
restriction. After from two to four months had elapsed, 
the intake of sodium was reduced to the 7 meq./day level 
by omission of Utc supplementary tablets. Ten weeks 
later the sodium intake was returned to the higher level 
by resumption of the supplement in order to test the re¬ 
versibility of the clinical and metabolic changes which 
had followed the restriction of this element. 

The detailed timing of these manipulations may be 
seen in the figures. The total study was divided into 
six periods, which are separated in all the figures by 
vertical lines. These periods were differentiated by 
changes in the water or the sodium intake; one of these 
two factors remained constant throughout any consecu¬ 
tive pair of periods while the other was changed. An up¬ 
ward direction of the arrow in relation to the symbols in 
the figures indicates that this factor was administered 
in high dosage during the period; a downward direction 
indicates the converse. For sodium the high dosage level 
was 180 meq./day and the low dosage was the residual 
amount in the diet alone, namely a value less than 7 meq./ 
day. During the periods of high water intake, 4,500 cc./ 
day of fluid were administered in addition to the pre¬ 
formed and metabolic water of the diet; as a result the 
urinary volumes were maintained at high average values 
(Table II). Water restriction in the low dosage periods 
was carried to the point of slight thirst; an intake of 800 
to 1,000 cc./day of supplementary fluid, which maintained 
the urinary volumes in the range 600 to 900 cc./day, ap¬ 
peared to be the minimum tolerable fluid supplement when 
sodium was concurrently administered in high dosage. In 
the figures a symbol for water in Period I is absent be¬ 
cause the patients were allowed uncontrolled access to 
water; during this time their urine volumes ranged be¬ 
tween 800 and 1,800 cc./day. 

The changes in level of protein intake are indicated in 
Figure 3. It may be seen that the daily consumption was 
30-40 grams until the middle of Period III, when the 
amount was approximately doubled. Prior to this time the 
patients had felt dissatisfied with the diet despite the fact 
that it was as diversified as was compatible with the re¬ 
quirement of sodium restriction, and was unlimited in 
quantity except with respect to the foods of moderate so¬ 
dium content. Since the usual high protein foods fell into 
the latter category, the protein intake was curtailed until 
Period III, when a special low sodium, high protein 
food - was made available for the patients to take in 
amounts regulated by their appetites. During Period IV 
they continued to take the increased amount of protein; 
with the restriction of water in Periods V and VI the 

- “Low sodium food,” Wyeth; protein, 50 per cent; car¬ 
bohydrate, 19.5 per cent; fat, 25 per cent; total ash, 3.5 
per cent; sodium, 0.02 per cent. A generous supply of this 
product was donated by Wyeth, Inc. 


amount of this supplement that could be conveniently 
given was limited by the lack of fluid for its suspension. 

One exception to tiic plan of deferred sodium restriction 
should be noted: through oversight, the supplementary salt 
tablets were not ordered for Patient C. When the omis¬ 
sion was discovered he had already shown a reduction 
in blood pressure below the value on admission and the 
earlier values that had been observed in the out-patient 
clinic. Therefore, it was decided to continue the study of 
liis response without the supplement until the final period. 

METHODS 

Daily measurements of blood pressure and of body 
weight were made each morning except Sundays under 
standardized conditions. The blood pressure was deter¬ 
mined by the same physician for each patient; at least 
20 mitmtes of bed rest preceded the reading. Body weight 
was measured after urination and before breakfast on a 
calibrated scale that was accurate to 100 grams; the pa¬ 
tients were nude e.xcept for a covering sheet of known 
weight. 

At biweekly intervals a standard 2 meter chest film was 
obtained for measurement of heart size. At monthly in¬ 
tervals the basal metabolic rates were measured, and 
electrocardiographic tracings taken. 

A total collection of urine was made, and divided into 
24 hour pools; analyses of sodium, potassium and chlo¬ 
ride concentrations were made upon each, using methods 
previously discussed (3). During two intervals of five 
days each, at the ends of Periods IV and VI, collections 
of stools were made; the total output from each interval 
was pooled and analyzed for sodium and potassium (3). 

The determination of exchangeable sodium was based 
on the dilution of a measured dose of radiosodium. An 
infusion fluid containing 0.8 — I.O K of Na“‘ Cl/cc. of 5 
per cent dextrose in water was injected intravenously 
from a calibrated 100 cc. burette at a dose of just 1 cc./ 
kg.* Samples of blood were taken at hourly intervals for 
seven hours; in some tests additional samples were taken 
after 24 and 48 hours. 

With a Tracerlab /S-v dip-counter (TGC-5) and auto- 
scaler, measurements of the radioactivity of the samples 
were made after dilutions that were sufficient to bring 
the counting rates within the range of linear response of 
the tube. An equilibrium value (a) of the specific ac¬ 
tivity of the serum (ratio of radioactivity in arbitrary 
units to the sodium concentration) as attained in the five 
to seven hour interval was estimated graphically. The 
quantity (q) of sodium with which the injected dose (d) 
of tracer had been mixed was calculated from the rela¬ 
tion q = d/a. This quantity is about 10 per cent less than 
that which would be calculated from the 24 hour equilibra¬ 
tion of specific activity and therefore does not include the 

* Calculation based on the data given by Marinelli and 
associates (4) indicated that the patients were exposed by 
this test to less than 0.1 equivalent roentgen of radiation 
during the first 24 hours and to negligible amounts there¬ 
after. 
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most slowly equilibrating sodium in the body. It is to 
be expected, however, that equilibration would have been 
complete in the soft tissues which have been shown (1, 
2) to accumulate sodium in the animals with hypertension. 

Criteria of Significance 

Average values of blood pressure were calculated from 
the consecutive readings obtained during the last two 
weeks of each period except Period VI for which only 
the last week was taken. Fisher’s “t test” (5) was used 
to calculate the probability that the differences between 
successive averages might occur by chance alone. Changes 
were considered significant when this probability was less 
than 0.01; these changes are indicated by an asterisk in 
Table II. 

Heart diameter on a given chest film could be meas¬ 
ured reproducibly within 2 mm. In order to exclude the 
effects of differences in projection and heart cycle it was 
taken as necessary that changes must exceed 10 mm. to 
be significant. These are indicated in Table II. 

The exchangeable sodium is calculated from four pri¬ 
mary measurements; the counting rates of solution in¬ 
jected and of the serum at equilibrium, the volume of 
fluid injected and the sodium concentration of the serum 
sample. Since the fluid was delivered into the subject 
from a calibrated burette which was accurate to less than 
0.1 cc., the error in this factor may be neglected. The 
average counting rates of the diluted infusion fluid, di¬ 
luted serum and the background were 5,000, 400, and 44 
cpm., respectively, and were counted for 20,480, 2,048, and 
4,096 total counts. From these values it may be estimated 
that the coefficients of variation (ratio of standard devia¬ 
tion to mean value) were 0.007 and 0.022, respectively, for 
the infusion fluid and the serum samples (6). For the 
variation in the determination of total sodium concen¬ 
tration the coefficient 0.020 was assumed. These factors 
contribute to the uncertainty of estimation of their product 
according to the formula E = (F* + S^-h C’)*-'’ where the 
symbols indicate the coefficients of variation of the ex¬ 
changeable sodium, the infusion fluid counting rate, the 
serum counting rate, and the serum sodium concentra¬ 
tion, respectively. Substitution of the values above give 
E = 0.031. Since the final value for body sodium was 
based on at least three independent serum samples the 
coefficient for the final result is reduced by the factor 
(1/\T) and thus was approximately 0.02. In the case of an 
adult of average weight this value corresponds to a stand¬ 
ard deviation of less than 60 meq. The changes discussed 
in this paper were of considerably greater magnitude; in 
Table II, under the heading of “Exchangeable sodium,” 
the asterisks signify a change of five standard deviations 
or more. 

OBSERVATIONS 

The blood pressures of all patients remained ele¬ 
vated during the periods in which the intake of 
sodium was maintained at 180 meq./day (Fig¬ 
ure 1). During the two to four months which were 
spanned by these three periods, large variations of 


water intake were imposed and considerable losses 
of weight occurred; there were no significant 
changes in the average values of blood pressure or 
in the heart sizes (Table II). 

When the sodium was reduced to the dietary 
level of about 7 meq./day by omission of the tab¬ 
lets, a statistically significant reduction of blood 
pressure was observed in each patient. Of the five 
patients three became normotensive (or nearly 
so), while the other two remained in the hyper¬ 
tensive range. The latter patients had the most 
marked elevations of blood pressure during the con¬ 
trol periods and, therefore, would have had to ex¬ 
perience greater reductions in order to approach 
the normal range. 

Three of the four patients who were given salt 
tablets in the final period showed increases in their 
average blood pressures. Since the trend of the 
daily blood pressure values was upward in Period 
VI (Figure 3), it is probable that even higher 
averages would have been obtained in a more ex¬ 
tended period. With the return of hypertension 
there were increases of the heart size which abol¬ 
ished earlier reductions (Table II). 

IVeight losses were observed in all patients (Fig¬ 
ure 2), The graphical form of the weight curves 
was similar to that previously reported for a group 
of patients who received the rice-fruit diet (3); 
with both diets the weight losses proceeded at a 
rate which was rapid at first but which decreased 
with time. The rates of adaptation were so slow, 
however, that several additional months probably 
would have been required for attainment of defi¬ 
nite weight equilibrium. 

Since the caloric intakes of the patients remained 
under their control, it is evident that some factor 
in the regimen must have reduced their appetites. 
This factor certainly was not restriction of sodium 
since four of the five patients of the present study 
received 10 grams NaCl/day during the initial 
phase of rapid loss, and the remaining patient (C), 
who received no salt supplement, experienced a 
weight loss which was indistinguishable from the 
others. Moreover, the weight changes were not 
related to adaptation of the basal metabolic rates ; 
these were measured at monthly inten^als and 
were found to remain within normal limits (± 

per cent) in all patients. 

The explanation which seems most probable is 
that the limitation of protein intake caused the 
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Fig. I. Morning Values of the Systolic and Diastolic Blood Pressures 
The numbers near the end of each period are the averages and the standard deviations 
for the last two weeks of each period, except the last for which a one week average 
was taken. Sodium intake was 180 meq./day during periods with the arrow up, and 
7 meq./day during those with arrow down. High and low water intakes, indicated 
similarly, were 4,500 cc./day and 800 to 1,000 cc./day, respectively. 
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weight losses. The basic diet was deficient in pro- doubled his protein intake when the protein sup- 
tein, as compared to the standard which was estab- plement was made available for unlimited consump- 
lished by the patients themselves when given free tion (Figure 3, Periods III and IV). With the 
choice in the matter, since each patient nearly increased intakes of protein there were associated 



Fig, 2. Morning Weights 
Symbols are defined in the legend of Figure 1. 
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increases o£ non-protein calories, amounting to 100 
to 300 calories per day. 

A more direct demonstration of the relation be¬ 
tween protein intake and change in body weight 
under the conditions of this study has been obtained 
in subsequent work. Three other patients, who 


were given the same diet under the same circum¬ 
stances except that their protein intakes were main¬ 
tained from the onset at 70-90 grams/day by a 
prescribed administration of the supplement, not 
only failed to lose weight but actually gained 1 to 
4 kg. during a three month period of observation. 



Fig. 3. Calculated Daily Consumptions op Total Calories and of Protein 
Symbols are defined in the legend of Figure 1. 
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The changes in exchangeable sodium are shown 
in Table 11. The hypertensive patients, before 
omission of the salt supplement, did not differ from 
the three normal subjects with respect to the quan¬ 
tity of exchangeable sodium per unit body weight. 
These data do not exclude the possibility that a 
small difference between the average values of 
hypertensives and normals might be demonstrable 
in a larger series, but they indicate that the hyper¬ 
tensive subjects are not distinguished from the nor¬ 
mals by a consistent or gross discrepancy. 

The first measurements of exchangeable sodium 
were made at the end of Period III, two days be¬ 
fore reduction of intake from 180 to 7 meq./day; 
the second were made one month later. In three 
of the four patients a reduction of 14—20 per cent 
was found. The explanation for the failure of Pa¬ 
tient A to conform is not apparent; however, at the 
time of the third measurement two weeks later she 
was found to have a comparable reduction, while 
the other patients were unchanged. The fourth 
measurements were made three weeks later (a 
total of nine weeks from reduction of the sodium 
intake) and showed no further change in any of 
the patients. 

The final measurements were made 16 days after 
the sodium intake had been returned to 180 meq./ 
day. In the three patients (A, B, D) for whom 
the comparison could be made it was found that 
the exchangeable sodium had been returned to the 
control level. 

The concentration of sodium in the serum was 
measured with each determination of exchangeable 
sodium. In contrast to the large changes which 
occurred in the latter, the concentration was not 
significantly affected by the variations of sodium 
intake. 

The urinary excretions of sodium are shown 
graphically in Figure 4. Following reduction of 
their sodium intakes, the patients reduced their 
urinary excretions quite slowly; at least a week 
was required for reduction to the level of dietary 
intake. By the third week the urinary loss had 
fallen to 1 meq./day or lower, the output at this 
extremely low level being somewhat accelerated by 
a large urine volume and reduced with restriction 
of fluids. 

After increase of the sodium intake in Period 
VI, the urinary excretions rose. Again there was 
a lag in the renal response to the changed situation. 


When the fecal excretions of sodium were meas¬ 
ured during the last five days of Period IV and of 
Period VI, it was found that the daily losses by 
this avenue averaged less than 1.5 and 2.2 meq./ 
day, respectively. Losses of this magnitude, al¬ 
though important with respect to a long-term 
balance under severe restriction of intake (3), 
evidently are negligible by comparison with the 
acute imbalances between intake and urinary e.x- 
cretion that were observed to follow a radical 
change in the level of intake. Therefore, since no 
gross sweating occurred during these observations, 
it is probable that the changes in the e.xchangeable 
sodium were due mostly to the lags in adjustment 
of the urinary excretion. Given time, the patients 
were able to resist further depletion, as shown 
by the constant values of the exchangeable sodium 
in the second, third, and fourth measurements; 
conversely, in the periods of high sodium intake 
they maintained a constant urinary excretion de¬ 
spite wide variations in their urine volumes. 

It will be observed that the decreases in ex¬ 
changeable sodium (Table II) were greater than 
the urinary excretions of the element during the 
first five days after reduction of intake (Table 
III). The probable reason for this is that the iso¬ 
tope equilibrations were attained in the afternoon, 
when the sodium ration of the day had been ab¬ 
sorbed but not yet excreted (unpublished observa¬ 
tions) . The data for the excretions during the 14 
hours that followed the last dose of NaCl were 
omitted from the calculations of Table III in order 
to present the ratios of sodium to chloride excre¬ 
tions on the subsequent days when no salt was 
administered. 

The urinary excretions of chloride tended to 
parallel those of sodium. In particular it was 
noted that the net urinary losses of the two ele- 

TABLE III 


Comparison of the net urinary losses of sodium and chloride 
during the Jive days following omission of salt taolets 


Patient 

Urinary output less dietary intake 

Na/CI 

Na 

meq./S days 

Cl 

meq./S days 

A 

B 

D 

E 

131 

144 

146 

166 

82 

119 

132 

115 

1.60 

1.21 

1.11 

1.44 
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Note that the ordinate scales are logarithmic. Symbols are defined in the legend of 
Figure 1. 
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ments during the five days following reduction of 
intake occurred in ratios that approximated their 
ratios in extracellular fluid (Table III). 

The urinary excretions of potassium tended to 
be greater during the early periods of rapid weight 
loss than subsequently. There was no clear rela¬ 
tion of the urinary or fecal excretion of potassium 
to the changes in sodium intake. 

INTERPRETATION 

The proportional relation between the sodium 
and the chloride excretions on the days that fol¬ 
lowed reduction in intake (Table III) suggests 
that the sodium, which was lost from the body 
early in Period IV, was derived from a source with 
the composition of extracellular fluid. A similar 
inference with respect to reaccumulation may be 
drawn from the immediate weight changes that 
follow readministration of salt. It was observed 
in an earlier study (3), and confirmed in the pres¬ 
ent one, that the patients for a time gain weight at 
a rate which is just sufficient to account for the 
formation of extracellular fluid from the newly- 
available sodium. 

It will be assumed, therefore, that the component 
of the body which gained and lost sodium as a re¬ 
sult of the dietary changes was the extracellular 
fluid. If 20 per cent of the sodium of the extra¬ 
cellular fluid were lost, it would cause a profound 
drop in the concentration of sodium in the serum 
{e.g., to 115 meq./L or lower), unless the loss of 
sodium were compensated by a parallel loss of 
water. Therefore, since there were no significant 
changes in the concentration of sodium in the se¬ 
rum, it follows that water, as well as sodium, must 
have left the extracellular fluid at the time of the 
sodium loss, and conversely, that the extracellular 
volume must have expanded during reaccumulation. 

It now becomes of interest to inquire into the 
fate of this extracellular water. If it had been ex¬ 
creted from the body, there would have been a 
weight loss of about 1 kg. for every 140 meq. of 
sodium which were lost, providing that an im¬ 
mediate large increase in the solid matter of the 
body had not occurred. The latter possibility 
seems quite unlikely, partly because the antecedent 
weight curves show that body tissue was being 
lost rather than gained at the time of the sodium 
depletion, and partly because this hypothesis leads 
to the unlikely supposition that this solid matter 


was abruptly expelled following the subsequent 
reaccumulation of sodium. Since the weight losses 
of all patients fell significantly short of equivalence 
with their losses of exchangeable sodium (Table 
II), the simplest hypothesis is that part or all of the 
water which left the extracellular space did not 
leave the body. Under this interpretation the 
average cellular hydration was increased by about 
5 per cent as a result of the sodium depletion. 

This hypothesis also simplifies the explanation 
of the biphasic nature of the weight change (Fig¬ 
ure 2) following readministration of sodium. The 
initial effect, as mentioned above, probably is an 
expansion of the extracellular fluid. The sec¬ 
ondary effect is a loss of the newly-gained weight 
but, as shown by the elevated final value of ex¬ 
changeable sodium, not of the sodium which was 
accumulated. Therefore it appears that the water 
which entered the cells during the previous adap¬ 
tation to a low sodium intake was removed from 
them and excreted during the secondary phase of 
readjustment to a high intake of sodium. 

The general interpretation which may be given 
to these changes is that there is a reciprocal rela¬ 
tion between the volume of the extracellular fluid 
and the volume of part or all of the cellular fluids. 
A radical reduction in the level of dietary sodium 
shifts the balance slightly in the direction of cel¬ 
lular hydration and a return to a high intake level 
reverses the shift. 

CLINICAL-METABOLIC CORRELATION 

The persistent hypertension of all patients dur¬ 
ing the periods of high sodium intake was an im¬ 
pressive control for the reductions in blood pres¬ 
sure that occurred after omission of the salt tab¬ 
lets. Whether or not the antecedent two to four 
months of hospitalization, with the weight losses 
and the changes in protein metabolism, may have 
contributed to the ultimate therapeutic response 
cannot be said at present, but it is clear that these 
factors were not sufficient to reduce the blood pres¬ 
sure in the absence of sodium restriction. 

The most obvious metabolic consequence of the 
reduction in sodium intake was the reduction in 
exchangeable sodium. However, this fact alone 
may not be a sufficient explanation of the clinical 
effect since there was no consistent correlation be¬ 
tween the clinical status of the subjects and the 
quantity of exchangeable sodium per unit bo y 
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weight. Moreover, the reductions in blood pres¬ 
sure and in exchangeable sodium were separated 
in time; the latter was mostly completed before 
the former became manifest. 

Evidence has been brought forward to support 
the conclusion that the reduction of sodium intake 
caused an increase of intracellular water in addi¬ 
tion to the contraction of extracellular volume. An 
indication that the change in intracellular water 
might be more closely related to the change in 
blood pressure than the change in extracellular 
volume is given by the delay in rise of blood pres¬ 
sure when salt was readministered; in this process 
it appears that the immediate effect is the expan¬ 
sion of extracellular volume and the delayed effect, 
which coincides with the blood pressure rise, is 
the expulsion of cellular water. 

It is obvious that this hypothesis needs to be 
tested by direct measurements. Such test, how¬ 
ever, must await the development of more precise 
methods for the measurement of small changes in 
the quantity of intracellular water in human sub¬ 
jects. 

SUMMARY 

1. Restriction of dietary sodium to 7 meq./day 
caused statistically significant reductions in the 
average blood pressures of five patients with un¬ 
complicated hypertension. These reductions were 
due to the limitation of dietary sodium, since no 
blood pressure changes had been observed during 
a preliminary equilibration stage of two to four 
months duration in which the low sodium diet was 
supplemented with salt tablets (10 grams/day). 
Weight losses and large variations in the intakes 
of protein and of water during this time were with¬ 
out significant effects on the blood pressure, 

2. Following withdrawal of the salt supplement, 
the patients lost 14 to 20 per cent of their ex¬ 
changeable sodium during the first month of adap¬ 


tation and then apparently attained balance. On 
readministration of salt 10 weeks later, the patients 
reaccumulated sodium approximately to the con¬ 
trol level. 

3. On the supposition that the lost sodium was 
derived from extracellular fluid, the losses of body 
water appeared to be disproportionately small. 
The interpretation offered was that the surplus ex¬ 
tracellular water, not excreted with its sodium, 
shifted into an intracellular position and thereby 
increased cellular hydration by about 5 per cent. 
The reverse effects were observed following read¬ 
ministration of salt. The hypothesis was advanced 
that the low sodium diet exerted its beneficial ef¬ 
fect in the hypertensive patients by causing an in¬ 
crease in cellular hydration. 
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INTRODUCTION 

The importance of non-prothrombin plasma and 
serum constituents in the physiological conversion 
of prothrombin to thrombin has been recognized 
only recently. A hemorrhagic disorder, called 
“parahemophilia” (Ovvren’s disease), is associated 
with an elevated prothrombin time attributable to 
deficiency of a plasma component termed “Fac¬ 
tor V” (1, 2). Inadequacy of plasma Ac-globu- 
lin, required for rapid evolution of thrombin, has 
been described by Sykes and associates (3) in ex¬ 
perimentally induced liver poisoning, and Alex¬ 
ander and Goldstein have reported on Labile Fac¬ 
tor (Quick) deficiency in severe hepatic disease 
in man (4). Although conclusive evidence is lack¬ 
ing, most investigators agree that Factor V, Ac- 
globulin, and Labile Factor are identical. Sub¬ 
normal concentrations result in retarded prothrom¬ 
bin conversion (elevated one-stage prothrombin 
time), in poor yield of thrombin by the two-stage 
prothrombin method, and in hemorrhagic phe¬ 
nomena despite the fact that the prothrombin level 
may actually be normal. 

The clinical and laboratory investigation of a 
unique case herein reported provides substantial 
evidence that an additional constituent besides that 
(or those) described above is involved in pro¬ 
thrombin conversion, and that its lack may under¬ 
lie a hemorrhagic diathesis, hitherto unrecognized, 
which simulates hypoprothrombinemia. Deficiency 
of Ac-globulin, Labile Factor, or Factor V were 
excluded as the basis for the clotting abnormality. 
The evidence warrants the conclusion that the de¬ 
fect consisted in derangement of the early activation 
of prothrombin due to congenital inadequacy of the 
precursor of the serum prothrombin conversion 

i Aided by grants from the Commonwealth Fund and 
The United States Public Health Service. 


accelerator (spea) described in earlier reports 
(5-8). 

CASE REPORT - 

R (No. 309157), a four year old white girl of Scotch, 
Irish, French and Dutch extraction, was admitted to the 
Children’s Medical Center, Boston, on June 13, 1950, with 
bloody stools and hematemesis of three days’ and six 
hours’ duration, respectively. The family history was 
contributory only in the fact that the mother stated 
that she and her brother bruised easily and that the ma¬ 
ternal grandfather died of intestinal bleeding following 
trauma. 

The patient, an only child, was noted to have pro¬ 
longed bleeding from the umbilical cord at birth. On the 
eighth and tenth days, she passed gross blood per rec¬ 
tum, which continued until the age of five weeks when 
she was first admitted to the Children’s Medical Center. 
At that time her blood count, platelet count, and bleeding 
and clotting times were normal. The prothrombin was 
not determined. Although the barium enema was nega¬ 
tive, an exploratory laparotomy was performed because 
of continued melena. No cause for the intestinal bleed¬ 
ing could be found, the abdominal organs appeared nor¬ 
mal, and the appendix was removed. No undue hemor¬ 
rhage was encountered, and convalescence was unevent¬ 
ful except for mild melena which continued for several 
months. 

The patient’s intervening history was perfectly normal 
save for easy bruising and occasional spontaneous epi- 
staxis. Three weeks prior to her second admission she 
began to experience urinary urgency, frequency, and 
burning, unassociated with other symptoms. Five days 
prior to admission, she fell and sustained some bruises. 
The next day she passed four tarry stools, pallor was 
noted, and the patient became progressively listless. On 
the day of admission she began to bleed from the nose, 
vomited “coffee-ground" material on three occasions, and 
complained of crampy abdominal pain. 

Physical examination revealed a fairly well developed, 
thin, very pale, quiet child who appearead acutely ill. 

T. 99® F.; pulse 130; respirations 30; B. P. 100/50. The 
skin showed a few small ecchymoses over the left leg, 
abdomen and forehead, but no petechiae. The nares con- 

= From the records of the Children’s Medical Center. 
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toincd a moderate amount of dry, dotted blood but no 
bleeding points were seen. Except for blood in the pos¬ 
terior nasopharyn.x, the throat was negative. The lungs 
were clear. The heart was slightly enlarged to the left, 
rate rapid, rhythm regular; a grade 2 systolic murmur was 
audible over the apex and left sternal border. The ab¬ 
domen was completely negative; liver, kidneys and spleen 
were not palpable. There was no adenopathy. Rectal ex¬ 
amination as well as the remainder of the physical ex¬ 
amination was negative. 

Clinical laboratory data: Rbc, 1.94; Hgb, 6.0 gm.; 
Wbc, 14,800 with normal differential; platelets appeared 
abundant on the stained smear; platelet count 412,000; 
reticulocytes, 7.5%; sedimentation rate, 4 mm. per hour; 
hematocrit, 17% packed cells. Six urines were completely 
negative; stools were repeatedly guaiac positive during 
the first three days but were negative thereafter. Hinton 
was negative. Liver function tests were within normal 
limits. 

On admission, the bleeding time (Duke) was 12.5 min¬ 
utes; the clotting time was six minutes; clot retraction 
was normal. The prothrombin time was 72 seconds 
(control 17), 

X-ray examination of the abdomen, including barium 
enema, revealed normal findings. 

Clinical course: A fresh whole blood transfusion of 
500 ml. was slowly given, beginning at 2:15 P.M., June 
13 and ending 1 ;20 A.M., June 14. The patient’s clini¬ 
cal condition improved markedly. In addition, she re¬ 
ceived 4.8 mgm. Hykinone both subcutaneously and in¬ 
travenously. At 7 ’.OO A.M. on June 14 the prothrombin 
time was 55 seconds (control 16). The Rbc and Hgb had 
increased to 4.3 million and 14.8 gm., respectively. The 
bleeding time was six minutes. 

On June 14, the patient was placed on Synkavite (mena¬ 
dione) 10 mgm. p.o.q. six hours and Hykinone 10 mgm. 
s.c.q. six hours. Another transfusion of 250 ml. of fresh 
whole blood was administered, beginning at 3 ;00 P.M. 
and ending 6:45 P.M. On June 16 the prothrombin time 
was 64 seconds (control IS). 

After considerable improvement, with no recurrence of 
hematemesis or melena, the patient was discharged on the 
eighth day. She was seen ® again four months later at 
which time her clotting defect was found relatively un¬ 
changed; her prothrombin time was 62 seconds, her coagu¬ 
lation time (Lee-White, 37° C), 17 minutes (normal: 
4~12 minutes.). The investigation of the coagulation de¬ 
fect is recorded below. 

METHOD 

Prothrombin was determined by both the one- and two- 
stage methods. In the former, two procedures were em¬ 
ployed; the prothrombin time was observed on whole 
oxalated plasma (1 part 0.1 M sodium oxalate to 9 parts 
venous blood), and on whole plasma diluted with pooled 
oxalated normal plasma rendered prothrombin free by 
adsorption with BaSO, (hereafter referred to as BaSO, 
plasma), according to techniques previously described 

® At tlie Yamins Research Laboratory. 


(9). In some experiments, the patient’s plasma was 
mixed with normal plasma unadsorbed with BaSO^. 
Commercial rabbit brain thromboplastin (Difeo) was 
used throughout except where indicated otherwise. 

In the two-stage procedure, also, two methods were 
used: the orthodox technique (10), and the modification 
of Ware and Seegers (11) in which optimal amounts of 
Ac-globulin are provided by bovine BaCOs adsorbed se¬ 
rum (1 to 150 dilution). Discrepancies between the re¬ 
sults reflect inadequacy of Ac-globuHn in the system not 
containing the bovine serum. Beef lut^ provided the 
source of thromboplastin, and Armour Fraction I pro¬ 
vided the fibrinogen. 

Plasma Labile Factor (L.F.) was measured by the 
ability of the plasma to rectify the retarded prothrombin 
conversion of aged normal oxalated pooled plasma in 
which this clotting component had deteriorated (12, 13). 

The serum prothrombin conversion accelerator (spea) 
was determined by a method previously described (5). 
Serum devoid of spea was prepared by adsorption with 
BaSO, (100 mgm. per ml.) for ten minutes at room 
temperature. 

Preparations of prothrombin were obtained from plasma 
by adsorption with BaSO, and elution with 5% solutions of 
sodium citrate in physiological saline, as described in 
earlier reports (14, 8). Purified spea was similarly pre¬ 
pared from serum according to published methods (8). 

EESULTS 

One- and two-stage plasma prothrombin values: 
The prothrombin time of the patient’s whole 
plasma was repeatedly found elevated to approxi¬ 
mately 70 seconds consistent with a prothrombic 
activity of about 3% of normal (Table I). This 
was not referable to prothrombin deficiency, how- 


TABLE I 

Patient’s plasma prothrombic activity 



Prothrombic activity 

Date of 

One-stage 

Two-Stage 

determmatloa 







Without 

With 


Froth, time 

Proth. 

Ac-glob.t 

Ac-gIob,t 




suppiement 

suppiement 


sec. 

per cent 

units per mi. 

units per ml. 

6/20/50 

72 

3 

170 

214 

6/26/50 

69 

3 

170 

206 

9/29/50* 

77 

2 



6/27/50 

75 

2 

184 

200 

11/2/50 

62 

4 

200 

225 


•Plasma of 6/26/50 kept in frozen state at — 10°C, 
thawed and twt^ on 9/29/50. 

t Ac-globulin supplement consists of BaCOj bovine 
serum. 

In our laboratory the prothrombic activity of normal 
plasma is: one-stage, 80-120%; two-stage. 160-220 units 
per ml. 
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TABLE II 

Protkrombic activity of patient’s plasma in combination 
■with normal plasma 


Plasma mixture (parts) | 

! 

Proth. time* 
(see.) 

Norm. 

plas. 

Norm. 
BaSOi 
; plas. 

Pt.’s plas. 

1 

Pt.’s BaSO* 
plas. 

1 

9 

--- 

_ ! 

34 

1 

— 

— 

9 j 

32 

— 

9 

1 

— 

120-{- 

— 

2 

1 


100 

1 

9 

— 


34 

1 

— 

~ 

9 

1 

38 

1 ' 

_ ! 

1 i 

1 

19 

i 1 

- j 

4 i 

— 

23 

1 

— 

9 1 

— 

26 

1 

9 

- 1 

— 

31 

1 

4 


— 

23 

1 

— 


_ 1 

1 

17 

— 

— 

1 


72 


* Prothrombin time observed on 0.1 ml. plasma mixture 
added to 0.1 ml. thromboplastin, followed by the addition 
of 0.1 ml. of 0.025 M CaClj, This obtains also for Tables 
III, IV, VI, VII, VIII. 

ever, since by the two-stage method the prothrom¬ 
bin level was consistently within normal limits. 

Exclusion of disturbance in thrombin-fibrinogen 
interaction, antithromboplastin, or anticoagulant 

The elevated prothrombin time could be due 
either to retarded evolution of thrombin or to some 
disturbance in the thrombin-fibrinogen interaction. 
The latter was readily excluded. First, minute 
amounts of thrombin (Parke-Davis Topical 
Thrombin) clotted the patient’s plasma as rapidly 
as normal plasma. Second, the prothrombin times 
of mixtures of normal plasma with the patient’s 
plasma, whole or deprothrombinated by BaSO^ 
were no greater than those obtained on similar 
mixtures of normal plasma with normal BaSO^ 
plasma (Table II). Thus, the clotting defect 
could not be related to abnormalities in the patient’s 
fibrinogen or antithrombin, to antithromboplastin, 
or, for that matter, to the presence of any other 
anticoagulant. 

It was obviously necessary to exclude the pos¬ 
sibility that the patient’s prothrombin might have 
been resistant to rabbit brain thromboplastin (used 
in the one-stage method) in contrast to bovine lung 
thromboplastin (in the two-stage procedure). 
This hypothesis became untenable when it was 
found that the prothrombin time was still far above 


normal when bovine lung thromboplastin was 
substituted for rabbit brain (Table III). Similar 
results were also obtained with human brain 
thromboplastin (acetone dehydrated). Curiously, 
whereas human thromboplastin was more effective 
than bovine thromboplastin on normal plasma, it 
was less effective on the patient’s plasma. The ex¬ 
planation for this is obscure. 

Exclusion of Ac-globnlin deficiency: The ques¬ 
tion arose as to whether the retarded thrombin 
evolution was due to inadequacy of any of the 
known prothrombin-conversion factors. Defi¬ 
ciency of Ac-globulin was easily excluded; two- 
stage plasma prothrombin determinations by the 
orthodox procedure, in which supplements of Ac- 
globulin are not provided, gave values almost as 
good as those obtained with added Ac-globulin 
(Table I, Figure 1). The slightly lower values 
are not unusual in our experience with hundreds 
of measurements on normal plasma, and are in 
accordance with the finding of Murphy and 
Seegers that normally the concentration of Ac- 
globulin in man is critically low (15). Also note¬ 
worthy is the normal activation rate of the pro¬ 
thrombin within the interval observed (Figure I). 
This was found repeatedly. 

Exclusion of labile factor deficiency: L. F. con¬ 
centration was also relatively normal. The restora¬ 
tive activity of the patient’s plasma, whole or 
treated with BaSO^, on the retarded prothrombin 
conversion of aged plasma, was approximately 
70% of normal (Figure 2), a level not infrequently 
observed in patients with active or recent bleeding. 
This concentration is certainly sufficient to assure 
a normal prothrombin time if other clotting con¬ 
stituents are normal (16, 12). That the coagu- 


TABLE III 

Prothrombic activity of patient's plasma with thrombo¬ 
plastin {Tpi.) from different species 



Prothrombin time (sec.) 


Human 

Rabbit 

Bovine 


brain 

brain 

lung 


Tpl. 

Tpl. 

Tpl. 

1 

Norm. plas. 

Norm. plas. (J) plus norm. 

BaSC)< plas. (P) 

Pt.'s plas. 

Pt.’s plas. (I) plus norm. BaSOt 
plas. (2) 

17 ' 

33 

155 

19 

29 

77 

25 

S3 

1 56 

175 

77 

62 
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Fig. 1. Two-Stage Prothrombin Conversion of Pathological Compared 
WITH Normal Plasma 

Ac-globulin supplement consists of bovine BaCOs adsorbed serum (11). 
Prothrombin activation performed on a 1 to 40 dilution of test plasma with 
saline or with a 1 to 150 bovine serum-saline mixture. 


lation defect could not be attributed to L. F. de¬ 
ficiency is established by the observation that dilut¬ 
ing the patient’s plasma with BaSOi normal 
plasma, which contains a full complement of L. F. 
(16, 17) failed to rectify the abnormality (Table 
II). Also, diluting normal plasma with the pa¬ 
tient’s BaSO^ plasma gave essentially the same 
prothrombin times as were obtained on normal 
plasma similarly diluted with normal BaS 04 
plasma (Table II). It is, therefore, concluded 
that the clotting defect was not related to defi¬ 
ciency of Ac-globulin, of L. F., or of any entity 
contained in BaSOi adsorbed normal plasma. 

Exclusion of Factor V deficiency: Although it 
is likely that Ac-globulin and L. F. are identical 
with Factor V, inadequacy of the latter had to be 
ruled out by methods employed by OwTen in his 
case of parahemophilia (1, 2). In his subject, the 
elevated prothrombin time could be rectified by 
admixture of deprothrombinated Seitz-filtered nor¬ 
mal plasma with the pathological plasma. Accord- 
ingly, 35 ml. of normal oxalated plasma were 
passed through a Seitz filter. The first 5 ml. were 


discarded, and the remainder was refiltered through 
the same pad. The filtrate was prothrombin-free 
but contained L. F. and Ac-globulin activity. A 
mixture of 1 part of pathological plasma with 2 
parts of normal Seitz-filtered plasma gave a pro¬ 
thrombin time of 88 seconds; a mixture of 1 and 



per cent test plasma in test plasma-aged plasma mixture 

Fig. 2. Labile F.actor of Pathologic.^l Comp.\red 
WITH Norm.al Plasm.a 

Test material added in various concentrations to normal 
pooled oxalated plasma aged for five weeks at 4-5° C. 
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TABLE IV 

Activity of prothrombin fraction separated 
from patient's plasma 

Prothrombin fraction dissolved in 0.14 M sodium citrate 
and O.IS M NaCl equivalent in volume to the plasma from 
which it was derived. The solution contained 184 units 
of prothrombin per ml. compared with 214 units per ml. in 
the parent plasma. 


Mixture (parts) 

Proth. time 
(sec.) 

Pt.'s plas. 

Pt.’s proth. 

Norm. plas. 

BaSO« 
norm. plas. 

1 

- 

_ 


72 

1 

— 

— 

9 

93 

— 

1 

— 

4 

85* 

— 

1 

— 

18 

98 

— 

— 

1 

19 

47 

1 

— 

1 

18 

33 

— 

1 

1 

18 

34 


* Subsequent determinations gave progressively increas¬ 
ing prothrombin times, indicating rapid deterioration of 
the prothrombic activity. This phenomenon was observed 
repeatedly. 

9, respectively, failed to clot in six minutes. On 
the basis of these and other observations (see be¬ 
low), parahemophilia was excluded. 

Possibility of qualitative deject in patient’s 
prothrombin 

Conceivably the patient's prothrombin might 
have been inherently defective, and thus in its 
early activation only slowly susceptible to the ac¬ 
tion of thromboplastin and calcium. This might 
escape detection in the two-stage method where, 
although thrombin evolution takes place, it is not 
discernible until after a longer interval (minutes) 
of interaction between the coagulation components 
than in the one-stage system (seconds). To test 
this possibility, the patient’s prothrombin was 
separated and purified. The prothrombin, which 
was thus obtained in full yield, behaved like that 
in the whole plasma; it was normal when measured 
in the two-stage system but when it was added to 
BaSO^ normal plasma its one-stage conversion was 
still retarded (Table IV), The possibility still 
remained, therefore, that the prothrombin molecule 
itself was abnormal. Clearly, this question can be 
conclusively answered only by testing the pro¬ 
thrombin in an ideal diluent consisting of hypo- 
prothrombinemic plasma assuredly containing all 
the accessory prothrombin factors. 

Patient’s prothrombin consumption: Although 
two-stage prothrombin conversion was normal, it 


was of interest to see whether the retarded one- 
stage thrombin formation was associated with de¬ 
creased prothrombin consumption during the 
course of spontaneous coagulation. Accordingly, 
the following experiments were performed: ve¬ 
nous blood, drawn with a siliconized syringe and 
needle, was allowed to clot in clean non-siliconized 
dry test tubes. At specific intervals after the blood 
was withdrawn, oxalate was added, the mixture 
was stirred with a glass rod, and the tubes were 
centrifuged. Residual prothrombin in the sera 
was determined by the modified two-stage method. 
Contrary to what was expected, prothrombin con¬ 
sumption was found perfectly normal (Figure 3). 
This indicates that if prothrombin conversion was 
retarded, it was so only in an early phase of the 
clotting process, perhaps within that interval repre¬ 
sented by the one-stage prothrombin time where 
initial thrombin formation is detected. Apparently, 
as “clotting” proceeded, the velocity of thrombin 
elaboration increased and soon became normal. 
This interpretation is consistent with the normal 
plasma prothrombin values obtained by the two- 
stage method, where normal activation and maxi¬ 
mal yield of thrombin was evident within a few 
minutes after thromboplastin and calcium were 
added to the system (Figure 1). Under the con¬ 
ditions of the two-stage procedure, a disturbance 
in the earliest phase of prothrombin activation 
could escape detection. 

Spca mechanism in the pathological blood: It 
has previously been shown that spca evolves in re- 



Fig. 3. Prothrombin Consumption during Spontane¬ 
ous Coagulation 
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TABLE V 


S^ca ill patient’s serum 


Date 

Spca {Units per mL of scrum) 

* 

10' 

20' 

30' 

60' 

6/20 

_ 

— 

IS 

0(0)t 

6/26 

— 

— 

— 

2 

sfn 

— 

— 

2 

2 

mi 

11 I 

7 

1 

0 

8 


Serum oxalated and separated at indicated interval 
after blood was shed. 

• Normal serum contains 14-40 units of spca per ml. 

t Value in parentheses obtained on serum from an 
aliquot of blood (4.S ml.) placed in tube containing throm¬ 
boplastin (0.5 ml.) prepared as for prothrombin determina¬ 
tion. The effect on the clotting time was not observed 
in this instance, but on another occasion 0.2 ml. of throm¬ 
boplastin added to 2.0 ml. of the patient's blood lowered 
the clotting time from 17 to minutes. Under these 
conditions normal blood would have clotted almost in¬ 
stantaneously. 

lation to the amount or velocity of prothrombin 
conversion (6, 7). This substance, distinct from 
Ac-globulin, is considered by us to be the “auto- 
catalytic” accelerator of thrombin formation (S). 
Arising from an as yet unidentified precursor in 


plasma, it apparently potentiates the action of 
thromboplastin (8). Both spca and its progenitor 
are adsorbable by BaSO^ (5, 7, 8,14). 

In view of the role of spca in prothrombin con¬ 
version, it was of interest to study the elaboration 
of spca during coagulation of the patient’s blood. 
The spca activity of her serum was generally ab¬ 
normally low despite normal prothrombin con¬ 
sumption (Table V). It was also noteworthy that 
accelerating the clotting of her freshly shed blood 
with thromboplastin supplements failed to increase 
the spca, in contrast to what is obtained on nor¬ 
mal blood (6). However, on one occasion, 30 
minutes after the blood had been shed, spca ac¬ 
tivity appeared normal, but vntbiu the next 30 
minutes it had decreased markedly. It was, there¬ 
fore, possible that the patient’s plasma may have 
exerted a destructive action on whatever spca was 
elaborated. This was excluded by experiments in 
which purified spca, separated from normal serum, 
was incubated at 37° C with the pathological 
plasma. No deterioration occurred in three hours. 

Effect of storage on patienfs plasma: Plasma 


TABLE VI 

Effect of normal serum and purified spca on patient’s prothrombic activity {one stage) 


Mixture (parts) 


Pc.*s plas. 

Pt.*s aer.* 

Norm, plas. 

Norm, ser.t 

Norm. 

BaSOi 

ser. 

Pt.'3 proth. 

; prep.t 

i 

Spca prep.§ ! 

Saline 

Norm. 

BaSOi 

plaa. 

Proth. time 
(see.) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

— 

1 

— 

_ 

M 1 1 

72 

93 

19 

IS 

63 

13 

1 

_ 

_ 

_ 

1 _ 


— 

1 

18 

180-F 

1 

— 


1 


— 

— 

— 

18 

28 

— 

— 

i 1 

; — 

— 

— 

— 

1 

18 

47 

—• 

— 

1 

i 1 

— 

— 

— 

— 

18 

23 

1 

1 

— 


— 

— 

— 

— 

18 

95-130 

— 

1 

1 

— 

— 

— 

— 

— 

18 

44 

1 

_ 1 

_ 

_ 

_ 

— 

1 

_ 

18 

31 

— 1 

— 

1 

— 

— 

— 

I 

— 

18 

28 

— 

— 

] 

] 

_ 

1 

— 

_ 


85 

—' 

— 

— 

1 

— 

1 

— 

— 


32 

— 

— 

— 

— 

1 

1 

— 

— 


86-130 

— 

— 

— 

— 

— 

1 

1 

— 

1 

24 

1 

1 

— 

— 

— 

1 

— 

1 

— 

1 

93 

14 


^Obtained 60 minutes after blood withdrawn. Contained 2 units prothrombin per ml. (see data of 6/20—Table V). 
t Obtained 60 minutes after blood withdrawn. Contained 6 units prothrombin per ml. 
i ^nie preparation as described in Table IV. Obtained from patient's plasma used in this avperiment. 

§ Solution containing 1 mgra. protein, 38 units spca, per ml. 
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prothrombic activity, as measured by the ortho¬ 
dox one-stage method, decreases during storage 
because of deterioration of L. F. (12, 14, 18). 
When, however, determinations are made by the 
modified procedure in which the aged plasma is 
diluted with fresh BaSO^ plasma, the stored 
plasma shows increased prothrombic activity. 
Such “hyperactivity” also develops in aging pro¬ 
thrombin fractions obtained by BaS 04 adsorption, 
and elution with citrate (14). This is attributable 
to evolution of a prothrombin conversion accelera¬ 
tor, which because of its resemblance to spca with 
regard to activity, stability and adsorbability by 
BaS 04 , has been identified with spca. 

This phenomenon was not demonstrable in the 
pathological plasma: during storage of the oxalated 
plasma in glass at refrigerator temperature for 25 
days, no significant change in prothrombic activity 
was observed. 

Effect of spca on the clotting defect: All of these 
findings suggested a derangement in the spca 
mechanism. Experiments were therefore per¬ 
formed to ascertain whether normal serum rich in 
spca could affect prothrombin conversion in the 
patient’s plasma. When normal serum was mixed 
with the pathological plasma, the prothrombin 
time was markedly decreased (Table VI). In 
contrast, the patient’s serum was relatively inert 
on both her own as well as on normal plasma. 
Normal serum also induced more rapid thrombin 
evolution from a prothrombin preparation derived 
from the abnormal plasma, and the same results 
were obtained when purified spca fractions were 
substituted for normal serum. Furthermore, re- 



Fig. 4. Effect of Serum Tr.\xsfusion on Patient's 
Prothrombin Time and Sfca 


moval of spca from normal serum by BaSOj ad¬ 
sorption rendered it inert. The clot-promoting 
effect can therefore be attributed to spca rather 
than to another serum component. 

Effect of serum in vivo: Whether or not a de¬ 
fective spca mechanism was the fundamental dis¬ 
turbance, the in vitro effect of normal serum sug¬ 
gested its use as a therapeutic agent. Accordingly, 
five days after discharge the patient was readmitted 
to the Children’s Medical Center to receive a slow 
infusion of 150 ml. of 24 hour old normal serum. 
The prothrombin time decreased markedly, and 
remained lowered for several hours, but gradually 
increased to its previous level within 24 hours 
(Figure 4). Concomitant with the rise in one- 
stage prothrombic activity, the patient’s serum 
spca increased, only to drop rapidly as the bene¬ 
ficial effect of the serum wore off. The two-stage 
prothrombin values were unchanged. 

Clot-promoting effect of plasma compared zvith 
serum: It is not clear whether a transfusion of nor¬ 
mal blood or plasma would have had the same effect. 
From the clinical record it appears that even a 
larger amount of plasma (approximately 250 ml. 
from 500 ml. of blood) was ineffective although 
the interval between the end of the transfusion and 
the subsequent prothrombin determination (ap¬ 
proximately six hours) was too long to warrant a 
definitive conclusion. However, that no significant 
improvement in clotting was evident six hours 
after the transfusion serves to differentiate this 
case from Owren’s subject in whom the clot-pro¬ 
moting effect was still detectable several days after 
a blood transfusion. 

Clearly, the administration of normal plasma 
should have some beneficial effect since mixtures 
of normal with the pathological plasma exhibit at 
least the full prothrombic activity of the normal 
plasma (Table II). The question arises whether 
more activity is demonstrable than can be accounted 
for by the normal plasma alone, i.e., whether nor¬ 
mal plasma accelerates thrombin evolution from the 
patient’s prothrombin. It would appear that nor¬ 
mal plasma was relatively inert in this regard 
(Table II). This, also, is in sharp contrast to 
what Owren observed in parahemophilia (1). 
Some observations, however, indicate that throm¬ 
bin formation was accelerated under certain cir¬ 
cumstances. A 1 to 20 dilution of normal plasma 
with BaS 04 normal plasma gave a prothrombin 
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time of 47 seconds (Table IV). When one part 
of the pathological plasma was incorporated into 
the mixture, the prothrombin time was 33 sec¬ 
onds. This difference, constituting a considerable 
increase in prothrombic activity, was found also 
with the patient’s prothrombin fraction. 

The question whether normal plasma contains 
an entity deficient in the patient’s plasma and capa¬ 
ble of correcting its disturbed clotting, seemed 
sufficiently important to warrant more detailed 
study. Accordingly, normal plasma was mixed 
in various dilutions with the pathological plasma, 
and the prothrombin times of the mixtures were 

TABLE VII 

Thrombin evolution in various combinations of pathological 
plasma with normal plasma or serum 


Plasma mixture (parts) 


Norm, 

pla3. 

Pt.'a 

plas. 

Norm. 

ser.* 

Norm. 

BaSO« 

plas. 

Norm 

partialf 

BaSOi 

plas. 

Froth. 

time 

(sec.) 

1 

1 

— 

1 

1 

17 

74 

>360 

70 

1 

— 

_ 

1 

_ 

17 

1 

— 

— 

— 

1 

16 

1 

1 

— 

— 

— 

17 

— 

1 

— 

1 

— 

93 

1 

— 

_ 

4 

_ 

22 

1 

— 

! — 

— 

4 

20 

1 

4 

— 

— 

— 

21 

— 

4 

1 

— 

— 

17 

1 

-_ 

— 

9 

_ 

28 

1 

— 

— 

— 

9 

27 

1 

9 

— 

— 


25 

— 1 

9 

1 

— 

1 

20 

1 

_ 

_ 

19 

_ : 

39 

1 

— 

— 

— 

19 

33 

1 

19 

— 

— 

— 

31 

— 

19 

1 

— 

— 

25 

1 

__ 

_ 

29 


54 

1 

-- 

— 

— 

29 

40 

1 

29 

— 

— 

— 

34 

— 

29 

1 

— 

— 

30 

1 

-- 

_ 

39 


90 

1 

— 

— 

— 

39 

43 

1 

39 

—. 

— 

— 

36 

— 

39 

1 

— 

— 

30 

— 

1 

_ 

9 

_ 

144 

_ 

1 

— 

19 

— 

270 


* Normal rion-oxalated serum, devoid of prothrombin. 
24 hours old. 

t Normal plasma adsorbed with IS mgm. BaSOi per ml. 
for approximately 10 minutes at 4-5° C. 


compared with those of normal plasma similarly 
diluted with prothrombin-free BaSO^ normal 
plasma (Table VII). In mixtures containing less 
than 10% normal plasma, shorter prothrombin 
times were observed on normal-pathological plasma 
mixtures than on the normal-BaSO^ normal 
plasma counterparts (31 seconds vs. 39; 34 vs. 54; 
36 vs. 90). It should be emphasized that these 
differences, repeatedly observed, are definitely 
outside the experimental error of the method. 

It was conceivable that the faster thrombin 
evolution in the normal-pathological mixtures may 
have been due to the additive effect of the small 
yet significant prothrombic activity of the ab¬ 
normal plasma with its prothrombin time of 74 
seconds in contrast to that of the BaSO^ normal 
plasma (>360 seconds). Attempts were there¬ 
fore made to obtain (for the purpose of a diluent) 
a BaSO^ normal plasma with a prothrombin time 
more comparable to that of the pathological plasma. 
After considerable trial and error, this was ac¬ 
complished by adsorbing normal plasma with 15 
mgm. BaSO^ (C. P.-Baker) at 4-5° C for ap¬ 
proximately ten minutes. The adsorbed plasma 
had a prothrombin time of 70 seconds. The pro¬ 
thrombin times of normal-pathological plasma 
mixtures were also shorter than those of normal 
plasma similarly diluted with this hypoprothrombi- 
nemic plasma (Table VII). Here, too, the differ¬ 
ences were evident only at high dilutions, i.e., in 
mixtures with prothrombin times exceeding 30 
seconds. 

Additional experiments were performed: 1 part 
of normal plasma was mixed with 1 part of patho¬ 
logical plasma. The ensuing mixture was then 
diluted with various amounts of prothrombin-free 
BaS 04 normal plasma, and the prothrombin times 
were compared with those simultaneously obtained 
on normal plasma diluted with the BaSOi normal 
plasma. In this way, the same diluent was pro¬ 
vided to both the normal plasma and the normal- 
pathological combination. Again, prothrombin 
conversion seemed faster in mixtures containing 
both normal and pathological plasma (Figure 5), 
particularly in the range where the prothrombin 
time exceeded 28 seconds. Mixtures of patho¬ 
logical plasma alone with the BaSO^ normal plasma 
gave markedly elevated prothrombin times, which 
became progressively greater as dilution with the 
BaSO^ normal plasma was increased. 
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Pro. 5. Prothrombin Times of Mixtures of Patient's 
Plasma, Normal Plasma, and BaSOj Normal Plasma 

Curve with crosses represents normal plasma diluted 
in BaSOt normal plasma. Ten% normal plasma in this 
mixture signifies 1 part normal plus 9 parts BaSO* nor¬ 
mal; 20%, 1 normal plus 4 BaSO* normal; , , , etc. 

Curve with circles represents observations on normal 
plus pathological plasma, diluted in BaSO, normal plasma. 
Ten% normal plasma in this mixture signifies 1 part 
normal, 1 part pathological and 8 parts BaSOi normal 
plasma; 20% represents 1 part normal, 1 part pathological 
and 3 parts BaS 04 normal, . . . etc. Fifty% represents 
1 normal plasma plus 1 pathological plasma, 

It might still be argued, nevertheless, that the 
conditions of the foregoing experiments were not 
strictly comparable since the pathological plasma 
contained normal amounts of prothrombin whereas 
the BaSO^ plasma contained little or none. Ob¬ 
viously, this objection could be met only by having 
available pure prothrombin which could he in¬ 
corporated into the various plasma mixtures in 
order to attain comparable prothrombin concen¬ 
trations. 

There can be little doubt, however, that to a 
certain extent normal plasma can truly rectify the 
retarded prothrombin conversion of the abnormal 
plasma. It is, however, far less effective than se¬ 


rum (Table VII), Furthermore, the clot-promot¬ 
ing effect of serum, and also of spca preparations, 
was observable in all ranges of prothrombin time, 
whereas the nomal plasma seemed effective only 
in mixtures with prothrombin times in excess of 
approximately 30 seconds. The explanation of 
this is obscure. Either the correcting factor in nor¬ 
mal plasma is present in critical amounts, insuffi¬ 
cient to handle substantial amounts of the addi¬ 
tional prothrombin provided by the patient’s 
plasma, or a certain interval (about 30 seconds) is 
required after the addition of thromboplastin and 
calcium for the corrective effect of normal plasma 
to supervene. Certainly the prothrombin method 
is sufficiently sensitive to have permitted detec¬ 
tion of clot-promoting effect also in ranges where 
the prothrombin times of mixtures were between 
20 and 30 seconds. Thus, in the presence of an 
amount of normal plasma which would give a pro¬ 
thrombin time of less than 30 seconds, the correc¬ 
tive effect of the factor in normal plasma may not 
be evident if 30 seconds or more is required for 
its conversion to the component active in cor¬ 
rection of the clotting defect. 

Regardless of whether this interpretation is cor¬ 
rect, the clot-promoting effect of normal plasma 
provides strong evidence against the hypothesis 
that the patient’s prothrombin was inherently de¬ 
fective. It is more reasonable to conclude that 
the abnormality lay in deficiency of a coagulation 
factor present in normal plasma, but absent in 
BaSO^ plasma. 

Clot-promoting effect of dicmnarol plasma: 
Consistent with this conclusion is the observation 
that hypoprothrombinemic dicumarol plasma also 


TABLE via 


Protbrombic activity of patient’s plasma mixed with 
dicumarol plasma 


Plasma mixture (parts) | 

Dicum. 

BaS04 

plas. 

Proth. time 
(sec.) 

Pt.’s plas. 

1 

Dicum.* plas. 

1 



72 

1 


37 

1 

1 

— 

: 27 

1 


1 

41 


‘Plasma from subject with myocardial infarct Buder 
:reatmeiit with dicumarol for prevention of thrombo- 
Plnf;ma Dj*othroinbJC activity ^/o 


normal (one-stage). 
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could induce thrombin evolution in the patient’s 
plasma (Table VIII). This finding, furthermore, 
reflects a striking difference between dicumarol 
plasma and normal plasma deprothrombinated by 
BaSO<. Moreover, BaSO^ adsorption of the di¬ 
cumarol plasma decreases its effect. This lends 
further support to the concept that the clotting 
factor present in normal plasma and deficient in 
the patient is adsorbable by BaSO^. 

DISCUSSION 

Recent recognition of the importance of non¬ 
prothrombin factors in the conversion of prothrom¬ 
bin has permitted more precise delineation of the 
coagulation defect in certain patients who formerly 
would have been erroneously grouped in one cate¬ 
gory, namely, hypoprothrombinemia. Exhaustive 
study of these rare cases has led, at least in one 
instance (1), to the discovery of hitherto unknown 
clotting components. 

The observations contained in this report indi¬ 
cate the existence of another prothrombin-con¬ 
version factor besides those already reported. 
Deficiency in this entity (or its deranged function) 
results in early retardation of thrombin evolution, 
a defect which is associated with hemorrhagic 
phenomena despite essentially normal concentra¬ 
tions of prothrombin, Ac-globulin, L. F., and 
Factor V. 

The existence of another prothrombin-conver¬ 
sion plasma component was postulated by Quick 
on the basis of observations on two brothers with 
abnormal bleeding and elevated prothrombin times 
(19). This moiety, originally termed “prothrom¬ 
bin A,” is not reduced by dicumarol in contrast 
to “prothrombin B,” which is probably identical 
with the purified prothrombin of Seegers, Loomis 
and Vandenbelt (20). Prothrombin A is said to 
be adsorbed by alumina and calcium phosphate 
together with Prothrombin B, in contradistinction 
to L. F. (19). The subject has been further com¬ 
plicated by the most recent change in terminology 
by Quick and Stefanini who now consider the total 
“prothrombin complex” to comprise three com¬ 
ponents; prothrombin “A,” prothrombin “pre-A” 
and L. F. (18), 

Alexander and associates, also, have presented 
evidence of a prothrombin conversion factor in 
plasma, distinct from L, F. or Ac-globulin. This 


entity is probably the inert precursor of spca to 
which it becomes converted during coagulation 
(14, 8). Like prothrombin, it is adsorbed by 
BaSOi, and thus is probably identical with Quick’s 
prothrombin A (earlier terminology) and per¬ 
haps with Milstone’s prothrombokinase, which 
also is removed by BaS04 (21). Additional evi¬ 
dence for this factor was obtained by Landwehr 
and associates on a subject with congenital hypo¬ 
prothrombinemia (22). When normal plasma 
was diluted with the prothrombinopenic plasma, 
the ensuing mixture exhibited considerably faster 
prothrombin conversion than a mixture of normal 
plasma with normal plasma deprothrombinated 
by BaSO^ Furthermore, treatment of the pro¬ 
thrombinopenic plasma with this adsorbing agent 
obviated the accelerating effect, yielding a plasma 
indistinguishable from normal BaSO* plasma. 
Evidently, this patient’s plasma contained a pro¬ 
thrombin-conversion substance adsorbable by 
BaSO^ and not present in BaS04 normal plasma. 

From the data of the present report it is con¬ 
cluded that our patient’s clotting disturbance con¬ 
sisted in deficiency of this entity, the precursor of 
spca. We have seen that the pathological serum 
contained little spca after coagulation had run its 
course, and that normal serum or spca fractions 
rectified the retarded prothrombin activation. 
Furthermore, removal of spca rendered the serum 
inert. 

Also in harmony with this interpretation are 
some of the other observations. Whereas normal 
or dicumarol plasma can partially correct the clot¬ 
ting defect, adsorption of the plasmas with BaS04 
renders them relatively inert. This indicates that 
BaSOi removes the accessory factor in question. 
It also explains why the patient’s plasma, assumed 
to be deficient in this entity, acted almost the same 
as BaS04 normal plasma as a diluent for normal 
plasma in the one-stage test. Furthermore, pro¬ 
thrombin preparations obtained from the abnormal 
plasma would be expected, as was found, to show 
the same clotting defect when mixed with BaS04 
normal plasma. 

Certain deductions may be drawn regarding the 
role of this clotting factor in prothrombin con¬ 
version. By the two-stage method, the rate of 
thrombin evolution as well as the final yield of 
thrombin from the patient’s prothrombin appeared 
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normal. Also, prothrombin consumption during 
spontaneous coagulation was unimpaired. Since 
under these conditions the prothrombin conver¬ 
sion process can be accurately followed except 
during the first few minutes after the addition or 
appearance of thromboplastin, it may be justifiably 
concluded that the clotting derangement lay in 
this phase of prothrombin activation, indeed, in the 
very interval represented by the elevated one-stage 
prothrombin time. It thus appears that the clot¬ 
ting factor, deficient in the pathological plasma, 
functions somehow in the early activation of pro¬ 
thrombin by thromboplastin plus calcium. Its 
similarity, in this regard also, to Milstone’s pro- 
thrombokinase is striking (21). 

The discrepancy in “prothrombin” values ob¬ 
tained on this patient by the one- and two-stage 
procedures raises questions regarding the validity 
of these methods, and their clinical diagnostic 
value. Obviously, the clotting disturbance would 
have escaped detection had the two-stage system 
been used exclusively. On the other hand, it is 
equally clear that the one-stage test, even the modi¬ 
fication using BaSOi normal plasma as a diluent 
to assure adequate L. F., may fail to measure pro¬ 
thrombin specifically, since it is now apparent that 
BaSO^ removes an important accessory substance. 
As has been emphasized elsewhere (9, 22, 23), 
unless due consideration is given to all the pro¬ 
thrombin-conversion factors as well as to the con¬ 
centrations of fibrinogen, antithrombin and anti¬ 
coagulants, translation of an observed prothrombin 
time into a specific prothrombin value may be 
fraught with serious error. Nevertheless, this case 
demonstrates the distinct value of the one-stage 
method in disclosing certain clotting abnormalities 
centered around the conversion of prothrombin to 
thrombin. 

The clot-promoting effect of serum and purified 
spca is of practical as well as theoretical interest. 
To reduce the prothrombin time from 70 to 22 sec¬ 
onds is tantamount to increasing plasma prothrom- 
bic activity from about 3% to 25% of normal, a 
level which is consistent with effective hemostasis 
if other hemostatic mechanisms are normal (9). 
It has been shown that serum as well as purified 
spca can promote the coagulation of normal blood, 
hemophilic blood, thrombocytopenic blood, hepari¬ 
nized blood and blood exposed to siliconized sur¬ 


faces (8). The therapeutic possibilities of serum 
were explored with good results by Crockett and 
colleagues (24) in a case of “idiopathic hypopro- 
thrombinemia.” It is noteworthy that in their sub¬ 
ject, plasma seemed equally effective, the beneficial 
results of each lasting for 24 hours or more in con¬ 
trast to the relatively shortlived effect of serum in 
our case. These authors attributed the clot-pro¬ 
moting property of serum to Ac-globulin, prob¬ 
ably not being aware of the fact that one to two 
hour old human serum is practically devoid of Ac- 
globulin activity (15, 8). 

The normal prothrombin consumption in our 
case is worthy of additional comment. Since poor 
prothrombin utilization characteristically occurs in 
hemophilia, thrombocytopenia, thrombasthenia and 
certain and other hemorrhagic states associated 
with defective coagulation, the prothrombin con¬ 
sumption test promises to become important in 
distinguishing hemorrhagic conditions, related to 
clotting abnormalities, from other forms of patho¬ 
logical bleeding. That our patient’s defect was as¬ 
sociated with normal prothrombin consumption is, 
therefore, particularly noteworthy. Furthermore, 
it renders untenable our earlier concept that spca 
elaboration is related to the amount and/or veloc¬ 
ity of prothrombin conversion (6, 7). Also, it 
signifies the importance in normal hemostasis of 
the kinetics of thrombin elaboration rather than 
the overall amount of prothrombin converted. 

The literature fails to reveal cases which com¬ 
pletely simulate that presented in this report. 
Quick (19) described two brothers with elevated 
prothrombin times which he attributed to defi¬ 
ciency of “prothrombin A” (earlier terminology). 
It is of interest that these subjects also showed 
good prothrombin consumption. Unfortunately, 
they were not exhaustively studied by simultane¬ 
ous one- and two-stage prothrombin determina¬ 
tions as well as by measurements of plasma Ac- 
globulin and serum spca. The condition was called 
“pseudohypoprothrombinemia,” a term which we 
consider more suitably applicable to a group of 
disorders including Ac-globulin deficiency (para¬ 
hemophilia) and the derangement represented by 
our case. Since in our subject the condition was 
evident at birth, it is most probably congenital in 
origin. 
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SUMMARY 

A clinical and laboratory study is presented of a 
four year old girl with a hemorrhagic diathesis 
present since birth. An elevated one-stage pro¬ 
thrombin time was the cardinal abnormality. 
Plasma prothrombin was qualitatively and quanti¬ 
tatively normal by the two-stage procedure, as 
were also plasma Ac-globulin and Labile Factor. 
Several other features distinguished this case from 
parahemophilia (Factor V deficiency). Also ex¬ 
cluded were anticoagulants as well as possible ab¬ 
normalities in the antithrombin mechanism or in 
the thrombin-fibrinogen interaction. 

Prothrombin conversion was retarded in the 
early phase of prothrombin activation, but pro¬ 
thrombin consumption was normal, being virtually 
complete within 30 to 60 minutes after the blood 
was shed. The coagulation defect appeared to 
consist of deficiency of another prothrombin-con¬ 
version accessory factor which is present in normal 
or dicumarol plasma in limited amount, and which 
is adsorbable by BaSO^. Since spca was de¬ 
creased in the patient’s serum, and since normal se¬ 
rum or purified spca rectified the clotting abnormal¬ 
ity, it is concluded that the entity deficient in the 
pathological plasma is the precursor of spca. The 
disorder may be considered a form of pseudohypo- 
prothrombinemia, alongside Ac-globulin deficiency 
(parahemophilia), and constitutes a hitherto un¬ 
known pathologic state added to the many already 
recognized hemorrhagic conditions related to clot¬ 
ting abnormalities of congenital origin. 
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Numerous studies of the toxemias of late preg¬ 
nancy have consistently demonstrated the as¬ 
sociation of pre-eclampsia and eclampsia with 
disturbances of protein metabolism indicated by 
derangements in the protein composition of the 
blood. Whether these changes in themselves 
cause the symptoms of toxemia or are secondary 
to the elusive “toxic” factor has not been de¬ 
termined. Many circumstances are known to 
provide the basis for protein deficiency within the 
human body, by increasing the tissue requirement 
for protein or by interfering with assimilation and 
utilization of an intake which would otherwise be 
adequate (1, 2). Evidence relating to the possible 
relationship of nutritional disturbances to the oc¬ 
currence of toxemia is contradictory (3-9). In 
an excellent analysis of the problem of comparing 
conflicting reports in the literature, Mpller-Chris- 
tensen and Thygesen (10) emphasized the inti¬ 
mate connection between changes in protein bal¬ 
ance and accompanying shifts in water and salt 
balances, and suggested the possibility of derange¬ 
ment in function of the adrenal in protein metabo¬ 
lism in toxemia. A complex explanation involv¬ 
ing the presence of a toxic protein (an atypical 
euglobulin) in the circulating blood during men¬ 
struation, labor, and toxemia of pregnancy has 
been advanced by Smith and Smith (11, 12). 

While a relationship between disturbed protein 
metabolism and toxemia of pregnancy has been 
established, the evidence does not show that the 
disturbance results from dietary protein deficiency. 
Dieckmann (13) believes that hypoproteinemia is 
neither the cause of pre-eclampsia and eclampsia, 
nor the cause of edema. Novak and Lustig (14) 
caution against identification of the hypopro¬ 
teinemia of p;;cgnancy with hypoproteinemia due 
to malnutrition and believe that within limits it 


is a physiologic condition. The finding by Bibb 
(15) that most women who developed toxemia 
had some previously existing hypoproteinemia 
would be expected. Despite suggestive data, theo¬ 
ries relating toxemia to nutritional deficiency fail, 
as do all other hypotheses advanced, to explain 
many features of this disorder, notably its singu¬ 
lar predilection for the primigravida. Our in¬ 
creased understanding in the past few years of the 
importance of interrelationships among various 
components of the food intake may provide a key 
to further elucidation of the role of nutrition in 
toxemias of pregnancy, but it seems likely that 
both nutritional and physiologic factors may be 
involved, the number varying perhaps with still 
other conditions. Certainly, even with respect to 
the part played by well-established changes in 
blood proteins, eclampsia remains “the disease of 
' theories.” 

The conflicting reports in the literature and the 
recent development of the electrophoretic tech¬ 
nique of analysis were responsible for the decision 
to determine the distribution of plasma proteins 
in the blood of women during pregnancy, at de¬ 
livery, and in the puerperium. A preceding publi¬ 
cation (16) reported the distribution of proteins 
in the plasma of healthy women during the men¬ 
strual cycle, during successive stages of normal 
pregnancies, and postpartum, demonstrating the 
shifts in plasma protein composition which are 
characteristic of uncomplicated gestation. The 
same techniques were employed under comparable 
conditions in investigations of the protein con¬ 
stituents of the blood plasma of women whose 
pregnancies were complicated by to.xemia and 
other gestational disturbances. The results dem¬ 
onstrate some of the causes of the wide variations 
encountered in the literature and indicate profit- 
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able directions for further study. Subsequent 
papers will record results of determinations of 
plasma proteins in samples from subjects with 
renal and liver diseases, hypertension, diabetes, 
and other conditions. 

PROCEDURE 

This report presents the results obtained from analyses 
of blood samples from 29 private and clinic patients ad¬ 
mitted to the obstetrical services of Harper Hospital^ and 
Herman Kiefer Hospital, Detroit. All were studied first 
in the last trimester of pregnancy after toxemia had de¬ 
veloped. The methods of obtaining blood samples, prepa¬ 


ration, and analysis were identical with those described 
(16). The buffer solution (barbital) used was 0.1 N 
with respect to sodium diethylbarbiturate and 0.02 N with 
respect to diethylbarbituric acid. Electrophoretic re¬ 
cordings were made with a Tiselius instrument employing 
the Longsworth scanning mechanism and a three-piece 
Tiselius cell with a single, long center section. Determi¬ 
nations were run for three hours at 1° C. and a potential 
gradient of about 6 volts/cm. 

Appraisal of history, physical, and laboratory findings, 
and postpartum outcome are usually necessary to permit 
some degree of accuracy in evaluation. Hence, final 
classification of the patients was determined only after 
postpartum observations were available. The patients 
studied fell into the following categories according to the 


TABLE I 


Bala from medical records of 29 patients with toxemias of pregnancy 




Mother 

Infant 


Subject* 

Age 

(yrs.) 

Parity 

Gravida 

Term 

Blood pressure 

Albu¬ 

minuria 

Edema 

Total weight 
gain during 
pregnancy 
(lbs.) 


Weight 

(.gm.) 



gestation 

(wks.) 

When 

Post- 

Sex 






admitted 

partumt 





Mild pre- 

3 

31 

1/1 

42 

164/100 

125/70 

+ 

-J- -J- 

15 

M 

3005 

eclampsia 

18 

18 

1/1 

42 

170/120 

142/90 

+ 

0 

44 

F 

3288 


27 

26 

2/3 

41 

140/100 

132/80 

+ 

+ + 

22 

M 

3827 


44 

25 

1/1 

37 

154/104 

120/70 

+ + + 

+ 

24 

M 

2282 


47 

24 

1/1 

40 

144/90 

108/60 

+ + 

+ 

34 

F 

3714 


52t 

41 

1/5 

38 

174/90 

160/100 

+ + 

+ 

38 

F 

3118 


53 

26 

1/1 

42 

155/80 

122/80 

-f + 

+ 

43 

M 

3487 


73 

26 

1/2 

40 

180/100 

150/90 

+ + 

+ 

28 

F 

3856 


78 

23 

1/1 

35 

146/104 

105/70 


++ 

22 

F 

1502** 


108 

34 

1/1 

41 

160/90 

120/70 

-f + + 

+ 

50 

F 

3062 


118 

26 

1/2 

35 

174/120 

120/90 

-f-f-f 

++ 

30 

F 

1474 


123 

28 

2/2 

41 

152/92 

120/90 

-f 

++ 

23.5 

F 

3799 

Severe pre- 

4 

19 

1/1 

39 

184/100 

112/78 

+ + + 

++ 

37 

F 

3090 

eclampsia 

17§ 

37 

4/4 

32 

155/90 

138/90 

+ + + 

++ 

53 

M 

M 

M 

1502** 

1** 


24 


18 

1/1 

39 

162/118 

124/80 

+ 

+++ 

21 

2268 


31 


35 

2/3 

37 

190/100 

150/90 

-1- + + 

++ 

23 

F 

2070 


32 

38 

3/3 

39 

180/110 

115/75 


0 

8 

F 

1928 


37 

23 

1/2 

43 

170/110 

146/104 

+ + + 

+ + + 

22 

F 

2041 








M 

2665 


8711 

20 

1/1 

38 

190/120 

130/88 

+ + + + 

+++ 

31 

F 

M 

2948 


94 

29 

1/1 

35 

180/120 

138/90 

+ + + 

++ 

10 

F 

992** 


10711 

26 

3/5 

30 

190/120 

140/90 

-F-f- 

+++ 

— 

F 

3175** 


169 

35 

1/2 

34 

198/100 

130/90 

-1-1- + + 

++ 

20 

F 

1502 


170 

41 

2/4 

38 

190/110 

145/95^., 

+ + + 

++++ 

12.5 

F 

1602 


171 

26 

0/1 

35 

170/100 

132/70 

''t + + 

+++ 

36 

M 

2211** 

Eclampsia If 

211 

18 

ISI 

38 

180/120 

160/110 

+ +'+ + 

++ 

13 

F 


14 

26 


35 

140/110 

110/64 

+ + 

+ 

13 

M 



64 


36 

mum 

42 

215/115 

130/90 

+ + + + 

+ + 

60 

F 

3969 


82 


23 

wBSm 

33 

160/100 

130/80 

+ + + + 

+ -t'-l- + 

— 

M 

2495 


111 


18 

Wm 

35 

160/110 

122/70 

+ + + + 

++ 

37 

M 

2098 


* Subjects 4, 18, 31, 37, 107, 170, and 171 are negroes; subject 47 is Mongolian, 
t Approximately six weeks. 

i Four previous spontaneous abortions; stilbestrol therapy during pregnancy. 

§ Rh negative—high titer. . . . 

II No prenatal care. Abruptio placentae occurred with subjects 24,107, and 171. Subject 31 previously was hyperten- 
sive. ... . . , . • ^ 

^ Convulsions occurred three times with subject 2; twice with each of the other patients. , 

** Stillborn. j 
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climcal classification proposed in 1939 by the American 
Committee on Maternal Health: mild pre-eclampsia, 12 
cases; severe pre-eclampsia, 12 cases; eclampsia, five 
cases. Pertinent information from the clinical histories 
of tlte patients is summarized in Table I. 

RESULTS AND DISCUSSION 

The means and ranges of concentrations of total 
protein and protein fractions in the plasma of blood 
obtained prepartum, at delivery, and postpartum 
are given in Table II. The results, insofar as can 
be determined, were not influenced by any form of 
therapy prior to the time of blood sampling.^ 
The distribution of the total protein among the 
protein fractions and the albumin/globulin ratios 
are given in Table III. Values for women whose 
pregnancies were uncomplicated (normal) and 
for non-pregnant women (16) are included for 
comparison. Individual values for each woman 
will be presented in a subsequent report. 

Numerous publications (10,13, 14,18-22) have 
given the quantities of proteins in the blood in 
normal and toxemic pregnancies, based for the 
most part on the results of various salt fractiona¬ 
tion technics. All agree on the general pattern of 
the changes in the blood proteins, described as 
“dyscolloidosis” by Seitz (19) and Eufinger (20) 
although the degree of alteration in toxemia and 
the clinical significance of these changes are vari¬ 
ously interpreted. All agree that a definite hypo- 
proteinemia, greater than that observed in normal 
pregnancy, is found in the toxemias. Since the 
technics employed differ, and more especially, since 
there is no uniformity with which the various clini¬ 
cal types and degrees of toxemia are classified, pro¬ 
tein values reported cannot be compared directly. 

In the preceding paper (16) we compared elec¬ 
trophoretic results in normal pregnancies and post¬ 
partum with those for healthy non-pregnant 
women. The data showed that by six to 12 weeks 
postpartum (average, eight weeks) “the return of 
the plasma protein pattern toward normal is almost 
complete. . . .” If in healthy women whose preg- 

In one patient, stilbestrol therapy as recommended by 
Smith (17) was employed in regularly increasing amounts 
(up to 125 mg. daily) from the seventh to the thirty-fifth 
week of gestation to prevent abortion. Despite continu¬ 
ous estrogen therapy and normal hormone excretion this 
patient developed mild pre-eclampsia, with electrophoretic 
patterns similar to those of other subjects with the same 
type of toxemia. 


nancies have been uncomplicated, the levels of 
blood proteins five to six days postpartum are sig¬ 
nificantly different from non-pregnant values and 
have not completely returned to normal levels by 
eight weeks postpartum, on the average, it seems 
evident that accurate control data for women who 
have had toxemias of pregnancy cannot be ob¬ 
tained from the same subjects sooner than eight 
or more weeks following delivery. 

In pre-eclampsia and eclampsia mean concen¬ 
trations (Table II) in plasma of total protein, al¬ 
bumin, beta and gamma globulins tended to be 
lower than comparable values in normal preg¬ 
nancy. The other globulin fractions showed trends 
dissimilar to those of total protein, albumin, and 
gamma globulin, with a tendency for values to be 
higher than in normal pregnancy. 

In normal pregnancy mean values for fibrino¬ 
gen (phi globulin) in the third trimester were 
higher than the average for non-pregnant women, 
showed little change at delivery and five or six 
days postpartum, and declined to below non-preg¬ 
nant levels by six to 12 weeks postpartum. In 
pre-eclampsia a similar trend occurred at a some¬ 
what higher level, with levels six to 12 weeks post¬ 
partum approximating the average for non-preg¬ 
nant women. In eclampsia, however, the means 
before and at delivery were higher than that of any 
other group, at one to five days postpartum the 
average still was high, and six to 12 weeks post¬ 
partum the mean was higher than that of non¬ 
pregnant women. Both chemical and electropho¬ 
retic determinations of fibrinogen have disclosed 
levels in toxemia even higher than the recognized 
increase in normal pregnancy. According to 
Dieckmann (13), a falling fibrin level in eclampsia 
implies a grave prognosis, and Dillon and Schmitz 
(23) reported two instances of fatal fibrinogeno- 
penia in eclampsia. Among the cases of severe 
pre-eclampsia for which data are reported in this 
paper were three in which premature placental 
separation occurred. For these three patients, 
plasma fibrinogen levels were lower than those of 
patients in whom this complication did not occur. 
The levels, however, were not lower than mean 
values in uncomplicated pregnancy. 

In a consideration of blood proteins in the toxe¬ 
mias of pregnancy two trends must be evaluated in 
relation to concomitant manifestations of disturbed 
physiologic function; their relation (2) to levels 



TABLE II 

Mean concentrations of protein fractions in plasma of women with toxemias of pregnancy 

Grams per 100 ml. of plasma 
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normal pregnancy and (2) to levels 
lon-pregnant women. Heretofore, 
data have not been available which 
it comparison of the trends from pre- 
'ecovery in eclampsia with the trends 
pregnancy or the comparison of trends 
concentrations in mild and severe pre- 
at different times in relation to de- 
th values in normal pregnancy and for 
nant women. Undoubtedly, in addition to 
ices in method of sampling and analysis the 
3 lack of values for various intervals pre- 
jstpartum, both in normal and complicated 
ancies, has been responsible in large ineas- 
jr discrepant results in the literature. The 
ressively severe clinical picture described as 
pre-eclampsia, severe pre-eclampsia, and 
mpsia suggests a progressive change in accom- 
lying internal conditions in the body. The data 
Tables II and III show that such parallelism 
jes not hold true for all protein fractions and for 
.1 times in relation to delivery. Likewise, the pro- 
ein values accompanying increased severity of the 
clinical picture do not consistently increase or de¬ 
crease in relation to comparable values for normal 
pregnant women. 

From the data in Table II it is readily under¬ 
standable that Lagercrantz (24) found a decline 
in total protein and albumin during the last month 
of gestation but with values no lower than those 
for normal pregnancy in his group of unassorted 
patients with various types and degrees of toxemia. 
Our study shows, on the contrary, little change 
in the mean quantities of total protein and albumin 
from the third trimester to delivery in normal preg¬ 
nancy (Table II). Thus, with a mean of normal 
values within a lower range than that found in 
our study, or with a mean for toxemia which by 
chance represented subjects whose levels ranged 
higher for their degree of toxemia, it is understand¬ 
able that similar or even higher than normal levels 
might be found in other series of toxic women. 
Thus, also, the possible lowering of total protein 
levels in eclampsia during the five days immediately 
prepartum would be obscured and as well, the 
trends we have observed toward lower concentra¬ 
tion of total protein and albumin with increased 
severity of pre-eclampsia. 

Whether the lowered plasma protein concentra¬ 
tions in toxemia actually represent a real loss of 


protein supplies in the body can be determined 
only by measurements of blood and plasma vol¬ 
ume, for which precise methods are not available. 
Studies of blood volume in pregnancy (25) have 
consistently shown an increase of plasma volume 
of approximately 25 per cent subject, however, 
to great individual variations. In the evaluation of 
differences in protein concentration and distribu¬ 
tion between women with and without toxemia the 
question is not whether blood volume increases 
during gestation but, rather, whether the increase 
varies when toxemia occurs. Since rapid changes 
in water balance occvir in toxemia, deductions 
based on averages of a few values are especially 
subject to error and valid conclusions can be 
reached only with results for a large number of 
women or by following the same patients at fre¬ 
quent intervals, especially late in gestation and 
early in the puerperium. The data obtained ir this 
investigation emphasize that confirmation or refu¬ 
tation of the numerous speculations which have 
been advanced will require more detailed stjdy of 
accurately defined groups, both normal aid ab¬ 
normal, at more frequent intervals, and wih com¬ 
parable methods. 

The data strongly suggest that the e.-lampto- 
genic syndrome is accompanied by altentiotvs in 
the plasma proteins which represent a m<dification 
of changes which are physiologic in iregnancy. 
The deviations from normal in pre-eclanpsia dur¬ 
ing the third trimester of pregnancy i’dicate that 
changes in the amounts and distribijion of the 
plasma proteins may antedate the appearance of 
clinical signs and symptoms of toxemi. However, 
no evidence was obtained of a relati'nship to die¬ 
tary protein inadequacy before ox during preg¬ 
nancy. The fact that the eclampt^enic effects in 
the third trimester, notably the incjases in fibrino¬ 
gen and the alpha, globulins and ;,e decreases in 
gamma globulin and albumin, occired on the basis 
of percentages of total protein a'well as in terms 
of plasma demonstrates that tj alterations are 
not reflections of changes in bid volume. 

SUMMARY 

The electrophoretic meth< is being used to 
study the plasma protein prartum, at delivery, 
and postpartum in the blood women whose preg¬ 
nancies are normal, and tK whose pregnancies 
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are complicated by toxemia, renal disease, hyper¬ 
tension, diabetes and other gestational disturb¬ 
ances. , Means and ranges for total protein, albu¬ 
min, and alphai, alpha^, beta, gamma, and phi 
globulins are presented for 29 women who had mild 
eclampsia, severe pre-eclampsia, or eclampsia be¬ 
fore delivery. 

The results stress the need for determinations 
at narrower and more sharply defined intervals 
prepartum and postpartum for larger groups of 
patients carefully grouped according to diagnostic 
criteria and according to the severity of clinical 
symptoms. 

Determinations of plasma proteins for non¬ 
pregnant women and for normal pregnant women 
and patients with toxemia at intervals of a few 
days and six to 12 weeks postpartum emphasize 
that normal non-pregnant levels of plasma proteins 
are not achieved for several weeks after delivery 
and determinations as early as ten days or two 
weeks postpartum do not provide adequate “con¬ 
trol” data. 
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C-reactive protein is a substance which appears attempt has been made to obtain a more quantita- 
in the blood in the course of a variety of disease tive estimate of the amount of C-protein present 

processes. The existence of this protein in serum in various sera, and to correlate the quantitative 

was first recognized as a result of its property of data with the results of the precipitin reaction, 
reacting to form a precipitate in the presence of The general use of the C-protein precipitin test 
the somatic C polysaccharide of Pneumococcus with rabbit antiserum as a clinical laboratory test 
(1), and this reaction is responsible for the name in rheumatic fever is at present limited because 
which is at present used for the protein. Since of the difficulties involved in obtaining pure C- 
the original description of the reaction, a number of protein preparations in'quantities which allow 
papers have appeared concerning the purification large scale production of rabbit antiserum. An al¬ 
and properties of this protein, and the range of dis- ternative to the use of rabbit antiserum for the de¬ 
eases in which it is present in the blood (2-6). tection of the C-reactive protein in serum is the 
The determination of C-reactive protein in the original precipitation reaction which employs the 
blood as a measure of the activity of the disease relatively easily prepared C polysaccharide of the 
process in acute rheumatic fever has been de- Pneumococcus (8). The latter reaction is best 
scribed by Anderson and McCarty (7). In this performed as a ring test in which a dilute solution 
instance, a specific rabbit antiserum to human C- of the carbohydrate is carefully layered on the se- 
reactive protein was employed to detect the pres- rum to be tested. A visible precipitate forms at 
ence of the protein in patients’ sera by means of a the interface, and the density of the ring is roughly 
precipitin test, and the results of this test were proportional to the amount of C-protein present 
correlated with clinical and other laboratory data in the serum. The reaction is never obtainable be- 
in a series of 45 patients with acute rheumatic fever, tween C polysaccharide and normal serum. Many 
Like the erythrocyte sedimentation rate and the earlier determinations done in this laboratory in¬ 
white blood cell count, the test for C-protein is not dicated that the carbohydrate does not give a visible 
a diagnostic test for rheumatic fever, since it is posi- reaction in the presence of low concentrations of 
tive in other infectious and non-infectious diseases. C-protein which are readily detectable with the 
However, in this series of cases it appeared to be antiserum. In the present study a comparison of 
a more sensitive index of disease activity than any the sensitivity of the two indicator systems, C 
other that was available. carbohydrate and antiserum, is presented. 

The antigen-antibody test for estimating C-reac- Because the capillary precipitin reaction between 
tive protein is extremely sensitive in detecting small the C-protein of serum and the rabbit antiserum is 
amounts of the substance in serum, but the pro- only roughly quantitative, the desirability of de- 
cedure used is at best only semi-quantitative. The termining the actual amount of protein responsible 
results are recorded on the basis of the volume of for the different titers of precipitin reaction given 
precipitate formed, ranging from zero in the ab- by patients’ sera is evident. This determination 
sence of reaction to 4- + -k -1- 4- + in the case of a has been undertaken in the present study, 
maximal reaction. It is obvious that readings of 

this sort may not be the same when made by dif- materials and methods 

ferent observers, and furthermore different lots of Rabbit antiserum to C-reactive protein. The antiserum 
antiserum vary in the amount of precipitable anti- obtained by injecting rabbits intravenously with a 

body which they contain. In the present study an preparation of human C-protein purified y t e met o 
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of MacLeod and Avery (3, 4). This preparation vvas 
almost completely free of normal human scrum proteins. 
The antiserum reacted slightly with normal human serum, 
and the cross-reacting antibody was completely removed 
by adsorption with dried normal human scrum protein. 

Precipitin test itjiih antiscruvt. The precipitin tests 
with antiserum were carried out in capillary tubes ac¬ 
cording to the procedure described by Anderson and 
McCarty (7). This method is based on the capillary pre¬ 
cipitin technique for serologic typing of group A strepto¬ 
cocci described by Swift, Wilson and Lancefield (9). 

Pneumococcal Cx polysaccharide. This polysaccharide 
was prepared by rapid lysis and deproteinization of the 
pneumococcal cells, as recently described by Anderson 
and McCarty (10). It is identical with classical C poly¬ 
saccharide in the sensitivity of its reaction with human 
C-rcactive protein, and either one can be used to react 
with and remove the C-protein from serum. 

The Cx carbohydrate used in this work was free of 
protein and nucleic acid, and the analysis of its nitrogen 
and phosphorus content agreed closely with elementary 
analyses previously done on other samples of the carbo¬ 
hydrate. 

Ring tests with Cx polysaccharide. The reactions be¬ 
tween serum and Cx polysaccharide were carried out in 
pointed precipitin tubes in which approximately 0.1 cc. 
of an 0.1 mg./cc. Cx carbohydrate solution in 0.85% 
NaCl was very carefully layered over 0.1 cc. of the serum 
being tested. Each determination was controlled with a 
tube containing the test serum layered with 0.85% NaCl 
in place of the carbohydrate. After incubation for one 
hour at 37° C. the tubes were inspected for the appearance 
of a ring of visible precipitate at the interface. 

Patients’ sera. The specimens of serum used in this 
study were from 200 serial weekly bleedings on 18 pa¬ 
tients with acute rheumatic fever, and from 68 bleedings 
on 18 patients with viral hepatitis. The patients studied 
were under observation and treatment in the Hospital of 
The Rockefeller Institute for Medical Research. 

Quantitative measurement of C-reactive protein. The 
quantitative method for the determination of C-reactive 
protein depends on the spectrophotoraetric estimation of 
the amount of protein removed from serum by the addi¬ 
tion of Cx polysaccharide. The following procedure is 
employed. 

All sera are cleared by centrifugation if necessary. 
Samples of 0.4 cc. of serum are mixed with 0.4 cc. of an 
0.1 mg./cc. solution of Cx polysaccharide in 15 cc. pointed 
centrifuge tubes. After incubation for one to two hours, 
the tubes are refrigerated overnight. The precipitate is 
thrown down by centrifugation and is washed three times 
with 5 cc. volumes of 0.85% sodium chloride containing 
0.01% calcium chloride. The presence of calcium ion 
is essential to prevent any resolution of the precipitate 
during the washing process. The washed precipitate is 
redissolved in 0.2 cc. of 0.1 M sodium citrate and the solu¬ 
tion is placed in a quartz micro-cell for measurement of 
the ultraviolet adsorption at 280 nm. In most cases the 
precipitate dissolves completely to give a clear solution, 
and if particulate material is present it is necessary to 


clear the solution by centrifugation before testing. In 
the concentrations used, the Cx polysaccharide does not 
show measurable adsorption in the ultraviolet, and the 
optical density of the polysaccharide-protein solution at 
this wave length is proportional to the concentration of 
protein. 

Two aspects of the validity of this quantitative proce¬ 
dure were checked by serological methods. First, al¬ 
though previous experience indicated that a single con¬ 
centration of Cx polysaccharide (0.1 mg./cc.) could 
serve as the precipitant throughout the entire range of 
C-protein concentrations expected in sera, this was fur¬ 
ther checked by submitting the serum supernatants (af¬ 
ter removal of the C-protein-polysaccharide precipitates) 
to the sensitive antibody test for C-protein. It was found 
that the 0.1 mg./cc. solution of polysaccharide removed 
practically all of the C-protein from sera containing the 
highest concentrations and showed no evidence of pro¬ 
zoning with sera containing smaller amounts. Secondly, 
it was important to determine whether the washed C- 
protein-polysaccharide precipitates contained appreciable 
quantities of serum proteins other than C-reactive pro¬ 
tein. This point was investigated by testing the re¬ 
dissolved precipitate by the precipitin method with 
high-titered rabbit antiserum prepared against normal 
human serum. Only negative or trace reactions were ob¬ 
tained in these tests, indicating that normal serum pro¬ 
teins were probably not present in amounts sufficient to 
affect the spectrophotometric readings. 

The results obtained by this quantitative procedure do 
not appear to be influenced by the presence of antibody 
to pneumococcal C polysaccharide. This antibody was 
shown by Heidelberger, MacLeod, Kaiser, and Robin¬ 
son to be present in most human sera in significant 
amounts (11). The fact that antibody does not inter¬ 
fere with the measurement of C-reactive protein is prob¬ 
ably best explained by the following considerations: In 
the quantitative measurement of C antibody, Heidelberger 
and his associates found it necessary to use long periods 
of refrigeration (eight days or longer) to obtain complete 
precipitation by the polysaccharide, while in the case of 
C-reactive protein refrigeration overnight is sufficient; and 
furthermore if antigen-antibody precipitates were formed 
in the course of the procedure described above, they would 
not redissolve in the citrate solution and would be re¬ 
moved by centrifugation before the spectrophotometric 
measurement was carried out. 

Standardiaation of the spectrophotometric measurement 
of C-reactive protein. For the purpose of calculating the 
actual protein concentrations represented by the optical 
density measurements, a standard curve was prepared, 
using a large lot of purified C-reactive protein on which 
nitrogen analyses were carried out. The purified C-pro¬ 
tein was obtained from 615 cc. of thoracentesis fluid from 
a patient with lymphosarcoma. Preliminary study of a 
sample of this fluid showed that the greater part of the 
C-protein which it contained was bound to phospholipid: 
and since the phosphorus and nitrogen contributed by the 
phospholipid would have influenced the quantitative re¬ 
sults on elementary analysis of the purified protein, a de- 
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Fig. 1. The Standard Curve of the Optical Den¬ 
sity Readings on the Beckman Spectrophotometer at 
280 MjJ- of Dilutions of a Solution Containing a 
Known Amount of Purified C-Reactive Protein 

fatting procedure was used. The fluid was first fraction¬ 
ated with ammonium sulfate and the fraction which pre¬ 
cipitated between 0.5% and 0.75% saturation was taken 
up in 68 cc. of distilled water. Following dialysis of the 
fi action against two changes of 1 M NaCl, the preparation 
was defatted with alcohol and ether in the cold, as de¬ 
scribed by MacLeod and Avery (3). The dried, de¬ 
fatted fraction after resolution in 200 cc. distilled water 
contained practically all of the C-reactive protein origi¬ 
nally present in the fluid. This solution was then dialyzed 
against 0.01% calcium chloride to remove any lipid- 
bound C-reactive protein that might have escaped de¬ 
fatting. The dialyzed solution was cleared by centrifu¬ 
gation, brought to physiological salt concentration by the 
addition of molar saline, and the C-reactive protein was 
precipitated from the solution with 25 mg. of Cx polysac¬ 
charide. The protein-carbohydrate complex was washed 
five times in 0.85% NaCl containing 0.01% CaCl-, and 
finally redissolved by adding a solution 0.1 M with re¬ 
spect to both sodium citrate and sodium chloride. 

To obtain the values used in constructing the standard 
curve, the optical density of several carefully prepared 
serial dilutions of this final solution was measured at 280 
m/i, and the protein nitrogen content of the material was 
determined. Since the Cx polysaccharide is a nitrogenous 
carbohydrate, it was necessary to correct for the nitrogen 
contributed by the polysaccharide. This was made pos¬ 
sible by the fact that the polysaccharide contains phos¬ 
phorus in addition to nitrogen, while C-protein does not. 
Thus, from the nitrogen and phosphorus analyses on the 
purified material and on the preparation of Cx polysac¬ 
charide used in the precipitation of the protein, it was pos¬ 
sible to calculate with reasonable accuracy the amount of 
protein nitrogen present in the final material. It should 
be pointed out that the total amount of polysaccharide re¬ 


maining in the final product was small in relation to the 
amount of protein and represented only a fraction of the 
25 mg. initially used to precipitate the protein. Conse¬ 
quently, the correction required for polysaccharide nitro¬ 
gen was not large. The phosphorus determinations were 
done by the King modification of tlie Fisk-Subbarow 
method, and the nitrogen determinations by the micro 
Kjcldahl technique.^- 

Figure 1 shows the relationsliip between the concentra¬ 
tions of C-rcactivc protein and its adsorption at 280 mK 
It has previously been determined that crystalline C-rcac¬ 
tivc protein contains 14.66% nitrogen (12), and the values 
for protein concentration are calculated from the nitrogen 
values on the basis of this figure. 

RESULTS 

Comparison of the sensitivity of the two clinical 
tests for measuring C-protein in patients’ sera. 
Consecutive weekly bleedings from 18 patients 
hospitalized for acute rheumatic fever were tested 
for the presence of C-reactive protein both by the 
precipitin test with specific antiserum, and by the 
ring test with Cx carbohydrate. The results ob¬ 
tained with both techniques on a total of 200 sera 
are shown in Table 1. 

It is evident from the data that the test system 
using the antiserum is definitely and consistently 
more sensitive than that in which the Cx carbohy¬ 
drate is employed. The ring test with carbohydrate 
cannot be used as a reliable indicator for the detec¬ 
tion of the C-protein in sera which give less than 
a -h -h ± precipitin ^reaction with the antiserum. 
As shown by the quantitative data in Table IV, this 
indicates that a concentration of C-protein greater 


1 The nitrogen analyses were made by Mr. Theodore 
Bella of The Rockefeller Institute and the phosphorus 
analyses by Dr. Lewis K. Dahl of the Hospital of The 
Rockefeller Institute. 


TABLE I 


Comparison of the sensitivity of serum reactions of patients 
with rheumatic fever when tested with antiserum to 
human C-protein and with Cx polysaccharide 


Precipitin reaction 
with antiserum 

- 1 - + + + + + 
-f--h + + 

+ + + 

+ -i-i 

++ 

-h± 

-j- 

± 

trace 

0 


Number of sera 
tested 

7 
9 

15 

9 

17 

8 
42 
32 
23 
38 


Number of jjositive 
reactions with Cx 
carbohydrate 

7 
9 

IS 

9 

8 
2 
1 
0 
0 
0 
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than 0.05 ing./cc. is required to give a visible pre¬ 
cipitate with the polysaccharide. Despite the fail¬ 
ure of the carbohydrate to give visible rings of 
precipitate at the interface with sera containing less 
than the limiting concentartion of C-protein, it is 
apparent from the studies using the quantitative 
spectrophotometric technique that the reactive pro¬ 
tein is chemically bound to the polysaccharide and 
can be removed by centrifugation. 

In an attempt to increase the sensitivity of the 
carbohydrate ring test system, the carbohydrate 
solutions were made up in 1% crystalline bovine 
albumin solution and in 1% solution of human se¬ 
rum fraction V (13). It was found that the use 
of albumin intensified the ring with sera known 
to be reactive but did not cause the formation of 
visible reactions with sera that failed to give a posi¬ 
tive ring test with the carbohydrate in saline. 

From the point of view of clinical application, 
the lower sensitivity of the test with C polysac¬ 
charide greatly reduces its usefulness. This is un¬ 
fortunate since the availability of C polysaccharide 
would make this procedure more feasible for gen¬ 
eral use than the test requiring specific antiserum. 
However, in the results described by Anderson and 
McCarty (7) and in subsequent studies in this lab¬ 
oratory, the determination of C-reactive protein in 
the evaluation of rheumatic activity is frequently 
most helpful in those cases in which the sera fall 
in the lower range of the precipitin reaction where 
the ring test with the polysaccharide is not re¬ 
liable. In cases with more marked activity of the 
disease process, where both tests are strongly posi¬ 
tive, other laboratory as well as clinical evidence 
of activity is usually available. 

In addition to the studies on sera from rheumatic 
fever patients, precipitin tests have been carried 
out with sera from patients with a variety of other 
diseases, and in some instances it appears that the 
concentration of C-protein in the serum rarely, if 
ever, reaches levels that would be detectable with 
the C polysaccharide ring test. An interesting ex¬ 
ample is provided by studies on viral hepatitis. 
Havens, Eichman and Knowlton (14) have re¬ 
cently reported the failure to demonstrate the pres¬ 
ence of C-protein by means of the C carbohydrate 
test in the sera of 90 patients with this disease. 
These workers called attention to the fact that 
the use of antiserum might have given different re¬ 
sults, and this possibility has been investigated in 


TABLE II 

Magnitude of positive reactions between sera of patients 
with viral hepatitis and antiserum to human 
C-reactive protein 


Precipitin reading 

No. of sera 

+ + 

6 


4 

+ 

10 


10 

trace 

8 

0 

30 


this laboratory by testing 68 sera from 18 patients 
with viral hepatitis in the Hospital of The Rocke¬ 
feller Institute. Thirty-eight of these sera gave 
positive precipitin reactions with the antiserum, 
but, as can be seen from the data presented in 
Table II, none of these reactions was of sufficient 
intensity so that a reaction with C carbohydrate 
would be expected. The incidence of positive 
precipitin reactions in relation to the duration of 
the disease is recorded in Table III, and it is ob¬ 
vious that the occurrence of C-protein in the serum 
is not limited to any particular phase of the dis¬ 
ease. It appears that the occurrence of C-protein 
in the blood is a common, though not invariable, 
event in viral hepatitis. 

TABLE HI 

Results of precipitin tests between C-protein antiserum 
and sera of patients with viral hepatitis 


Days of disease 

Number of sera 
tested 

Number of positive 
precipitin reactiona 

1- 7 

5 

4 

7-14 

11 

8 

14-21 

11 

6 

21-28 

11 

7 

28-60 

21 

12 

over 60 

9 

1 


Quantitative studies of the C-reactive protein in 
the serum of patients with acute rheumatic fever. 
Quantitative determinations of the C-reactive pro¬ 
tein were done on the sera from serial bleedings on 
six patients with acute rheumatic fever. The con¬ 
centration of the protein was calculated from the 
optical density readings by the use of the standard 
curve and was expressed in terms of mg. of pro¬ 
tein per cc. of serum. 

In Table IV the relationship between the pre¬ 
cipitin reactions and the results of the quantitative 
test is presented. The mean optical density ob¬ 
served in the quantitative test has been calculated 
for all sera giving each of the different readings in 
the precipitin test. 


X 
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TABLE IV 

Correlation of the results of the precipitin test with the 
giiantitative data on C-reactive protein in the sera 
of patients with rheumatic fever 

Quantitative data 
Mean optical Mean concentration 


Precipitin renction 

density 

of C-protein mg./cc. 

q-q-q- q-q-q- 

0.616 

0.330 

q-q-q-q-q. 

0.510 

0.273 

q.q,q.q_ 

0.430 

0.230 

+ + + 

0.235 

0.126 

+ + ^ 

0.208 

0.101 

q.q. 

0.101 

0.054 

+ d: 

0.087 

0.046 

-h 

0.043 

0.021 


0.027 

0.010 

Trace 

0.013 

0.006 


As indicated by these data, 1 cc. of a serum giv¬ 
ing + + + -}- + + precipitin reaction contains over 
0.3 mg. of this abnormal serum protein. Sera ob¬ 
tained from patients during the most active stage 
of acute rheumatic fever give marked reactions 
ranging from -fd- + +to-i- + -t- + -i-+ in precipitin 
tests with C-protein antiserum. On the basis of 
the quantitative data presented in Table IV, pre¬ 
cipitin reactions of this order indicate that there 
is an appreciable total amount of C-protein in the 
circulating blood at the height of the disease. As 
recovery progresses this protein is present in de¬ 
creasing amounts until it disappears from the blood 
completely, often before the erythrocyte sedimen¬ 
tation rate has returned to normal (7). 

The quantitative fluctuations in C-reactive pro¬ 
tein in the serum during the course of rheumatic 
fever are illustrated graphically by the charts of 
two patients given in Figures 2 and 3. Figure 2, 



Fig. 2. Patient J. D. Variations of C-Protein in 
Rheumatic Fever 

Correlation of C-protein determinations with other 
laboratory and clinical data. 



Fig. 3. Patient P. Q. Variations of C-Protein in 
Streptococcal Pharyngitis followed by Rheumatic 
Fever 


Correlation of C-protein determinations with other 
laboratory and clinical data. 

on patient J. D., illustrates a simple monocyclic pat¬ 
tern of rheumatic fever with major manifestations 
of fever, polyarthritis, and carditis. The C-reac¬ 
tive protein in this patient showed a sharp unin¬ 
terrupted drop to zero from the high level of 0.360 
mg./cc, present during the most acute phase of 
the illness. 

In Figure 3 the variations of C-protein concen¬ 
tration in the blood are illustrated in a case of strep¬ 
tococcal pharyngitis which was followed by a re¬ 
currence of rheumatic fever. This patient, P. Q., a 
known rheumatic, was admitted to the Hospital 
of The Rockefeller Institute on March 26, 1950, at 
the first appearance of sore throat, malaise, and 
fever. A group A, type IS streptococcus was cul¬ 
tured from this patient’s throat and nose. The 
acute pharyngitis, which was paralleled by the 
appearance of a high level of C-protein (0.272 mg./ 
cc.), was treated with penicillin and as clinical re¬ 
covery occurred, the C-protein almost disappeared. 
However, on the 16th hospital day, the temperature 
and erythrocyte sedimentation rate both began to 
rise. These signs, along with clinical and electro¬ 
cardiographic evidence of myocarditis, were ac¬ 
companied by a rapid and marked increase in the 
amount of C-protein in the serum. As can be 
seen from the chart, the fall in concentration of C- 
protein reflected the subsidence of carditis, t e on y 
major manifestation of this patient s disease, more 
accurately than did the fall in the eryt rocyte se i 
mentation rate. The biphasic nature o t e curv 
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of C-protein concentration is of interest with re¬ 
spect to the evaluation of the latent interval be¬ 
tween the streptococcal infection and the onset of 
rheumatic fever. Although C-protein did not com¬ 
pletely disappear from the blood in this instance, it 
had fallen sharply from 0.27 mg./cc. to 0.04 mg./ 
cc. in seven days before the appearance of symp¬ 
toms of rheumatic fever. This rate of fall is com¬ 
parable to that seen in certain cases of uncompli¬ 
cated streptococcal infection. It would appear from 
this and other data, therefore, that there is nothing 
in the pattern of C-protein response which makes 
it possible to predict the imminence of rheumatic 
fever as a complication of streptococcal disease. 

DISCUSSION 

As a result of the use of the quantitative proce¬ 
dure for the estimation of C-reactive protein, it is 
now possible to give reasonably accurate values for 
the concentration of this substance in the blood dur¬ 
ing various disease states. While the spectropho- 
tometric method is not suggested as a routine 
clinical procedure, it appears to have value in the 
study of certain cases of special interest in which 
more exact data concerning the fluctuations in 
concentration of C-protein are desirable. More¬ 
over, the quantitative data allow a more precise 
comparison of the sensitivity of the two tests which 
have clinical applicability, and it is apparent that 
the test with specific antibody is greatly superior 
to that with the C polysaccharide. The ring test 
with C polysaccharide is not consistently positive 
at concentrations of C-protein below 0.1 mg./cc., 
while the antibody test will detect the presence of 
less than 0.01 mg./cc. In view of this fact, it is 
clear that at present the antibody procedure is the 
method of choice whenever the concentration of 
C-protein in the blood is to be used as a reflection 
of the activity of a disease process. 

SUMMARY AND CONCLUSION 

1. A quantitative method for the determination 
of C-reactive protein in human serum is described. 
Although absent from normal serum, the protein 
has been shown to reach concentrations above 0.33 
mg./cc. in acute rheumatic fever. 

2. The C-reactive protein may be detected semi- 
quantitatively by its reaction with the pneumococ¬ 
cal C polysaccharide or by a precipitin test with a 


specific rabbit antiserum. The sensitivities of 
these two methods have been compared and it is 
shown that the reaction with C polysaccharide is 
not reliable at serum C-protein concentrations be¬ 
low 0,1 mg./cc., while the rabbit antiserum gives 
positive reactions in the presence of less than 0.01 
mg./cc. It is concluded that the C polysaccharide 
test cannot replace the antibody test in the clinical 
procedure in which C-protein is determined as a 
measure of rheumatic activity. 

3. The sera of some patients with viral hepatitis 
contain C-reactive protein in concentrations high 
enough to be detected with the antiserum but too 
low to be detected by a visible reaction with the 
Cx polysaccharide. The presence of the C-reactiye 
protein in sera from patients with viral hepatitis is 
not limited to the initial acute phase of the disease. 
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HELD IN ATLANTIC CITY, N. J., APRIL 30, 1951 


Presidenhal Address 


AN INQUIRY INTO THE MEANING OF CLINICAL INVESTIGATION 
By EUGENE B. FERRIS, JR. 


Having approached emeritus status in the Society and 
being Editor of its journal for the past four years, it 
has not been possible to avoid considerable thought about 
the meaning of Clinical Investigation. 

Frankly speaking, this inquiry has not led to sufficient 
insight for me to circumscribe its perimeters or to identify 
its characteristics from those of other sciences. The 
query has, however, raised some thoughts which 1 would 
like to share with you, since we are a society for Clinical 
Investigation and should have such awareness of its 
meaning as is consistent with its rapid and inevitable 
change in character. 

I naturally went back to the origin of this Society and 
its constitution. The objects of the Society, as set down 
in the constitution, were most desirable but yet were not 
defined sufficiently for my purpose—so I perused the ad¬ 
dress of the first President, Dr. Meltzer (1). 

It appears that in the beginning the founders them¬ 
selves may not have been too clear as to what Clinical 
Investigation would turn out to be, but rather desired to 
encourage American physicians to make any kinds of ob¬ 
jective and orderly observation on patients. 

The first President seemed most concerned with 3 
gangrenous disease of clinical medicine which manifested 
itself through a suicidal process by which each time a sci¬ 
entific growth developed in the field, it was extruded, like 
a foreign body, to become a special science—^leaving clini¬ 
cal medicine to maintain a certain peace of mind, freed 
from the fetters of maturation into a science. It was by 
such a process, according to Dr. Meltzer, that the medical 
sciences, such as anatomy, physiology, biochemistry, etc., 
broke away. 

One stated purpose of the founders was to bring back 
to clinical medicine those scientific disciplines which It 
had previously cast out so that one might say that Clini¬ 
cal Investigation represented an endogamous type of 
marriage between the allied sciences and the art of medi¬ 
cine, for as Dr. Meltzer stated in 1908: “I am of the 
opinion that clinical medicine as it exists now is made up 
of two constituents. One part has all the elements of 
a pure science and ought to be coordinate to the other pure 
sciences of medicine, and the other part is the real prac¬ 
tice of medicine, an applied science which has many ele¬ 
ments of an art.” It appears that he was partial to the 
scientific mate of the union for he warned the members, 
“The constitution does not keep you down exclusively 
to science but let me tell you; beware of practice. It is a 
bewitching graveyard in which many a brain has been 


buried alive, with no other compensation than a guilded 
tombstone.” 

I think it can be said that Clinical Investigation has de¬ 
veloped far along the pathways envisioned by the foun¬ 
ders of this Society. In fact from some quarters one 
hears that the content of our program and that of our 
Journal is investigation all right, but bears only a slight 
resemblance to anything clinical. Perhaps it may be that 
Clinical Investigation has become somewhat Frankenstein- 
ian to some adherents of practice and perhaps also to 
some adherents of the “pure” sciences of medicine in the 
light of the competition which Clinical Investigation of¬ 
fers to the latter. For it now brings to bear in its study 
of man not only the disciplines of the biological sciences 
but those of the natural sciences as well and is beginning 
to encompass the social sciences. 

It is of interest that the constitution requires that So¬ 
ciety members have the M.D. degree and this requirement 
may have some symbolic connotation in defining, in a 
narrow sense, the peculiar differentiation of clinical from 
other forms of investigation, namely, the investigation 
of man as opposed to other forms of matter. Man, in 
health and disease and all things that affect his health, 
would seem to be the perimeter of the field. In order to 
study man, the clinical investigator must have both the 
training and the legal prerogative to do so in a responsible 
manner. 

By and large Clinical Investigation has tended to ap¬ 
ply all forms of investigative techniques and disciplines de¬ 
rived from other sciences to the study of man. It has 
been slow in developing that part which sets it aside from 
other fields of investigation, namely, the differentiating 
characteristics of man himself. 

As a matter of fact, man is anathema to a very wide¬ 
spread principle of science, namely, the need to control 
in order to study. Man has been resisting control and 
seeking freedom throughout the ages, so that it is no 
wonder that he—and this includes the observer and the 
observed—^has resisted the application of accepted sci¬ 
entific approaches. This factor has been ignored by many 
clinical investigators and deliberately bypassed by many 
others through the use of orderly experimental designs 
and statistical approaches, and through the correct use of 
the placebo—methods which can, and sometimes do, get 
the answer in spite of the fact that man is man. 

The ability to investigate the more intricate workings 
of man requires some recognition of the facts that man 
resists being controlled, that he perceives through other 
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Fig. 1. The Effect of a Depressor Drug on the Stabilized Resting Blood Pressure of Two 

Patients Having Essential Hypertension 

The dosage was built up to the indicated maximum and continued as drugs or placebo through¬ 
out the period of observation. Abscissa: BP in mm Hg; Ordinate: Dates as indicated. Bars 
represent systolic and diastolic limits of arterial pressure obtained by the auscultatory method. 


than the five senses, that he communicates through the 
spoken and unspoken word, and that the investigator is 
just as human as the subject. 

Thus we set up such conditions as the “basal state," 
“bed rest,’’ etc., and may forget that people like bed rest or 
other forms of control to varying degrees. Some can 
relax without breakfast and others get angry at being 
denied it, so that controls may be more or less stressful 
depending on one’s attitude toward them. It is known 
of course that feeling states, such as anxiety, can pro¬ 
foundly affect physiological homeostasis and that the 
placebo may be recognized by non-verbal communication. 

The clinical investigator himself, through a need to 
control or dominate the patient, through his reaction to 
control or discipline of himself, and through his reaction 
to the success or failure of the patient to respond, may 
likewise affect the experimental result quite independent 
of his overt motives and desires or conscious integrity. 

The following data from a group of studies to be sub¬ 
sequently reported serve as an example of the challenge to 
and special identity of Clinical Investigation as exempli¬ 
fied by the interaction of man, the investigator, with man. 


the investigated, and the intricacies which result there¬ 
from. 

Here are two women (Figure 1) in whom the depres¬ 
sor effects of a drug are being evaluated by one in¬ 
vestigator-physician. As the dosage is raised to the point 
of optimum tolerance one notes a fall in blood pressure 
which is consistent with the hypothesis that it relates 
to the drug. It could also be related to the enthusiasm 
of the investigator and we know that, in this instance, 
there was such a feeling, so that it seemed appropriate 
to test the hypothesis further by the random substitution of 
blank pills for the drug. This procedure was acceptable 
to the investigator but it was more difficult for him to 
accept the further control that he, like the patient, should 
not know which was placebo and which was drug. In 
relation to the initiation of this control (July 9th), one 
notes an initial rise in blood pressure in the one case dur¬ 
ing blank administration and in the other case during the 
drug therapy, followed by a reduction in BP in both as the 
investigator accepted the new approach. 

At this point, it is probable that as compared to the ad¬ 
ministration of blanks, the depressor effect of the drug 
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is evident but certainly not world shaking’. It is apparent 
that further observations of the effect of drug and blank 
are necessary in order to establish the statistical signifi¬ 
cance of the rather uninspiring depressor effect of the 
drug. 

During September several phenomena occurred in the 
investigator which had in common a lessening of enthusi¬ 
asm in the e.xperiment but which were not known to the 
patients: (I) there was a lessened enthusiasm for the 
therapeutic efficacy of the drug and a resistance to con¬ 
tinuing the e.xperiment, (2) the investigator volunteered 
in the armed services for future assignment, and (3) he 
married and took a two weeks’ vacation. 

The experiment was then continued as planned, and it 
is quite evident that the blood pressure thereafter re¬ 
turned to approximate pre-treatment levels in which the 
drug itself still e.xerted perhaps a slight depressor ef¬ 
fect. It seems quite possible that the patients may have 
sensed and responded to a change in the experimental 
atmosphere despite continued administration of pills. 

This phenomenon of the interaction of the observer and 
the observed and the variable response of both to rigidly 
conceived methods of control, represents one phase of in¬ 
vestigation which, if not peculiar to, is certainly a delineat¬ 
ing characteristic of Clinical Investigation. 

Any dynamic system is altered to some extent by the 
impact of a direct measurement, but man, particularly, 
responds also to observational techniques in which neither 


physical contact nor direct transfer of energy occurs. 
This latter response is inherent in Clinical Investigation. 
Though it cannot be avoided, other responses can be 
isolated from it by a sophisticated experimental design 
which recognizes that such an interaction is continuous 
between the observer and the observed, and that to the 
subject the Clinical Investigator is always cast in the mold 
of a physician. 

As the intricacies of our techniques require more at¬ 
tention to fewer subjects, this interaction may become 
a dominant factor in the response. It thus becomes im¬ 
perative that controls be applied in the positive sense 
of observing the truth rather than the negative sense of 
domination. 

Clinical Investigation, as elusive as it is, has, I sus¬ 
pect, surpassed the fondest expectation of the founders 
when they started this Society 44 years ago. When it 
systematizes man’s total behavior and weaves it into 
the galaxy of other scientific disciplines which it has ap¬ 
plied so successfully to the study of man, there may be 
little to distinguish the art from the science of medicine. 
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ABSTRACTS 


The Effect of Cortisone on Experimental Brucellosis. 

Robert Abernathy, Minneapolis, Minn. (Introduced 

by Wesley W. Spink). 

The basis of these studies was an attempt to resolve 
the problem of therapy in chronic brucellosis. The granu¬ 
loma is the fundamental tissue response in brucellosis, 
simulating that found in tuberculosis. Brucella localize 
intracellularly, where the organisms survive and probably 
multiply. There is evidence that intracellular brucella are 
protected against the lethal action of antibiotics. Since 
the lesion of tuberculosis is altered by cortisone and tuber¬ 
cle bacilli disseminated, it was of importance to ascertain 
if a similar sequence took place in brucellosis. 

Mice, guinea pigs and rabbits were infected with Bru¬ 
cella abortus, Brucella mellitensis or Brucella suis. Ap¬ 
propriate groups of animals with acute and chronic dis¬ 
ease were treated with varying doses of cortisone adminis¬ 
tered once daily for 5 to 14 days. Serologic, cultural and 
histopathologic studies were carried out. Cortisone did 
alter the clinical course and tissue reaction of the infected 
animals. There was an increased death rate and the le¬ 
sions were more widely distributed following the use of 
cortisone. The hepatic granuloma was converted into a 
necrotic lesion by cortisone therapy, which was most 
pronounced in infections due to Brucella suis. The agglu¬ 
tinin response was not influenced by cortisone. A discus¬ 
sion of the results will be accompanied by photomicro¬ 
graphs of the lesions. 


Interrelations of Serum Lipids in Patients Treated with 
Cortisone and Pituitary Adrenocorticotropic Hormone 
{ACTH). David Adlersberg, Stanley R. Drach- 
MAN, Louis E. Schaefer and Rhoda Dritch, New 
York, N. Y. (Introduced by Ernst P. Boas). 

Previous studies revealed well defined changes in the 
serum lipid partition of patients treated with cortisone 
or ACTH. These patients received hormonal therapy for 
a variety of pathological conditions, including disseminated 
lupus erythematosus, polyarteritis, rheumatoid arthritis, 
asthma, leukemia, scleroderma. Serial determinations in¬ 
cluded total and esterified serum cholesterol (Sperry- 
Schoenheimer method), serum phospholipid (Sperry 
modification of the Fiske-Subbarow method), serum total 
and neutral fat (Bloor method). The changes in the 
serum lipids may be, in general, summarized as a rise in 
the level of total and esterified serum cholesterol, often 
resulting in sustained hypercholesteremia with prolong^ 
ttiprapv; a gradual elevation in serum phospholipid 
roughly paralleling that of total serum cholesterol; a 
diphasic effect of serum neutral fat characterized by a 
transient and often precipitous fall during the first 2-3 
weeks of treatment and later a gradual elevation above 


pre-treatment levels. Turbidity of “fasting” sera was 
observed, often at normal levels of serum neutral fat, 
probably indicating changes in the relative concentrations 
of serum lipid fractions or a change in the ratio of free 
and conjugated lipids (lipoproteins). 

A study of the interrelationship of tlie serum lipid com¬ 
ponents appeared to be profitable. It included the follow¬ 
ing three ratios: Free/total cholesterol; total cholesterol/ 
phospholipid; free/total cholesterol: phospholipid. Al¬ 
though the ratios noted before, during and after hormonal 
therapy fell as a rule within the normal range, there was 
a consistent alteration noted. A definite lowering of the 
free/total serum cholesterol ratio was observed in almost 
every instance. There was a less marked rise in the total 
cholesterol/phospholipid ratio, largely due to a dispropor¬ 
tion in the elevation of total serum cholesterol to that of 
serum phospholipid. The ratio of free/total cholesterol; 
phospholipid revealed a marked and consistent reduction. 
It is suggested that a change in the rate of esterification 
of cholesterol and phospholipid synthesis may account for 
the observed alterations of the interrelationship of serum 
lipids. The significance of these observations will be 
discussed. 


A Quantitative Approach to Separation of Lipid Mixtures. 
Edward H. Ahrens, Jr. and Lyman C. Craig, New 
York, N. Y. (Introduced by Thomas M. Rivers). 


Clinical investigations of lipid metabolism are hampered 
by lack of fundamental studies of chemical structure and 
physical properties of pure lipid compounds. Indeed, the 
incompleteness of basic data gives rise to many of the 
uncertainties of the methodology of the clinical labora¬ 
tory. By their nature these methods can afford only ap¬ 
proximate results: they are non-specific; calculations 
based on factors derived from studies of lipids in normal 
states may not be valid in abnormal states; certain lipid 
components can be estimated only by difference; the ap¬ 
pearance of unusual compounds in disease may be com¬ 
pletely overlooked. Primary difficulties in the organic 
chemistry laboratory have been produced by the strong 
association tendencies which hinder complete extraction 
of lipids and their subsequent separation into individual 
pure components. Attainment of single pure compounds 
is, however, essential to progress in this field. The pres¬ 
ent report will demonstrate that these forces can be over¬ 
come and lipid mixtures successfully separated by counter- 
current distribution between immiscible solvents. 

The countercurrent approach has made possible the 
quantitative separation of 5 grams of mixed lipids from 
one liter of human plasma into 3 main groups. p osp o- 
lipids, cholesterol, and triglycerides plus esterol s rs 
The opportunity to characterize the composition of these 
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cleanly separated groups and to enumerate and define 
their components is now presented for the first time. 
Fractionation of the tliird group is currently in progress, 
and will be followed by quantitation of the hydrolyzed 
fatty acids by distribution in another solvent system, an 
effective procedure developed as part of tlie present study. 
The initial group separation also demonstrated the pres¬ 
ence of less than 25 mgm. of free fatty acids in the origi¬ 
nal mLvture. 

Experience with a wide variety of lipids permits the 
conclusion that countercurrent distribution, which is sF 
multaneously analytical and preparative, presents the pos¬ 
sibility of all-inclusive analysis of extremely complex 
mixtures of lipids. 

Pseudohypoprothrombinemia and Parahemophilia: De-- 
ficiency of Different Components Essential for Rapid 
Prothrombin Conversion. Benjamin Alex.^nder,"^ 
Robest Goldsteix and Greta Laa^ou'esr, Boston, Mass, 

Recent recognition of non-prothrombin factors im¬ 
portant in prothrombin conversion has permitted more 
precise delineation of the defect in certain patients who 
formerly would have been erroneously diagnosed as hy- 
poprothrombinemia. Exhaustive study of these cases 
has disclosed hitherto unknown clotting components. The 
present observations indicate another plasma factor be¬ 
sides those already described. Its deficiency (or deranged 
function) causes retardation in the early activation of 
prothrombin despite normal prothrombin, Ac-globulin, 
Labile Factor and Factor V. 

Two patients were studied with hemorrhagic diathesis 
and persistently elevated prothrombin times (70 and 60 
seconds respectively) yet different coagulation defects. 
In the first, a 4 year old girl with hemorrhagic phenomena 
since birth, the clotting time, prothrombin consumption, 
plasma prothrombin, Ac-globulin, Labile Factor, and 
Factor V were normal, but serum prothrombin conver¬ 
sion accelerator (spea) elaboration was poor. Normal 
serum or purified spea rectified the abnormality in vitro 
and vivo. The disorder, hitherto unrecognized, is called 
“congenital hemorrhagic pseudohypoprothrombinemia." 

In the other subject, a girl of 17 with bleeding episodes 
since 5, the abnormality was identical with 0\vren’s case 
of parahemophilia. The following features distinguish 
this patient from the first: clotting time, elevated (42 
min.) ; Factor V, Ac-globulin, Labile Factor activities 
were absent; prothrombin consumption poor; spea nor¬ 
mal; prothrombin conversion retarded; corrected by nor¬ 
mal plasma in vitro and vivo; serum and spea ineffective. 

These contrasting features demonstrate convincingly 
the existence of two non-prothrombin plasma constituents 
important in thrombin evolution: (1) Factor V, which is 
unequivocally identical with Ac-globulin and Labile Fac¬ 
tor; (2) the inert precursor of spea, which is activated 
during coagulation. Deficiency of either causes patho¬ 
logical bleeding and elevated prothrombin times simulat¬ 
ing hypoprothrombinemia. Parahemophilia (Factor V 
deficiency) is benefited by plasma. Pseudohypopro- 

* Member. 


thrombinemia (deficiency of spea precursor) is benefited 
by serum. The relative merits of the one- and two-stage 
prothrombin methods in distinguishing these disorders 
are apparent 

Toxoid Immunization in Clostridium Novyii Gas Gan¬ 
grene. W. A. Altemeier,* C. L. Coith, W. R. Cul¬ 
bertson, M. A. Logan and A. A. Tytell, Cincinnati, 
Ohio. 

In previously reported experiments conducted jointly 
by the Department of Surgery and the Department of 
Biological Chemistry of the University of Cincinnati, un¬ 
der the auspices of the National Research Council and 
the United States Army, a Clostridium welchii toxoid 
was produced which developed a high degree of immunity 
in animals against a severe form of experimental gas 
gangrene caused by a highly virulent strain of Clostridium 
welchii. 

Subsequent and unreported studies, under the same au¬ 
spices, have yielded an effective Clostridium novyii toxoid 
which gives excellent immunity against severe infections 
in animals produced by the injections of 10 to 100 mini¬ 
mum lethal doses of virulent Clostridium novyii into closed 
wounds containing crushed muscle and dirt. Control ani¬ 
mals which had not previously received injections of to.x- 
oid all died within 72 hours of a fulminating and exten¬ 
sive gas gangrene after the same challenge. Blood titers 
obtained in humans with this toxoid will also be given. 

The unsettled international condition and the prospect 
of mass casualties predisposing to the occurrence of gas 
gangrene in the civilian as well as the military populations, 
makes this subject of timely importance and interest 

The Loss and the Retention of Potassium Which Occur 
Immediately After Starting and Stopping Adreno¬ 
corticotropic Hormone, Respectively. Frederic C. 
Bartter and Paul Fourman, Boston, Mass. (Intro¬ 
duced by Fuller Albright). 

The most constant metabolic changes whidi occur with 
adrenocorticotropic hormone (ACTH) administration in 
man are the transient K diuresis and retention which 
appear within 24 hours of starting and within 48 hours 
of stopping therapy, respectivdy. The present studies 
were undertaken to explore the mechanism underlying 
these changes. 

The following points have been established: 1) The K 
changes are not due to contaminating antidiuretic hor¬ 
mone, since pitressin alone will not reproduce them; and 
they do not occur when the same preparations of ACTH 
are given to patients w'ith unresponsive adrenals (adreno¬ 
genital syndrome). 2) The K loss is not due to catabo¬ 
lism, nor the K retention to anabolism of protoplasm, 
since the changes of K balance precede, and are rda- 
tively much greater than, those of N balance; furthermore, 
testosterone administered together with ACTH can pre¬ 
vent the changes of N but not those of K balance. 3) 
The K loss is not due to loss of normal intracellular fluid, 
since the loss precedes, and is relatively greater than, the 
loss of P. 4) The K retention is not a result of a non- 
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specific, ACTH-induced K deficit alone, since it is not 
diminished by an increase in K intake before stopping 
ACTH. 5) The K changes are probably not secondary 
to reciprocal .Na changes at the cellular level, since they 
are not modified by changes in the Na intake. 6) The 
urinary K loss precedes retention of Na and loss of P, 
electrical neutrality being achieved largely by a decrease 
of urinary acidity, an increase of urinary bicarbonate, or 
both. The urinary K retention precedes loss of Na, 
electrical neutrality being achieved largely by decreases 
of Cl and P. 

Significant Remissions in Rheumatic Diseases zvith High 
Dosage Cortisone Therapy. Theodore B. Bayles, 
Francis L. Colpoys, Paul Fremont-Smith, Bruce C. 
Ferguson and Emil Paige, Boston, Mass. (Introduced 
by Eugene C. Eppinger). 

Standard dosage ACTH and Cortisone therapy in rheu¬ 
matic diseases has failed to produce remissions after ces¬ 
sation of therapy. Ninety per cent of 135 patients so 
treated by us have relapsed within ten days after treat¬ 
ment. The experience of others is similar. Nine of our 
patients developing marked physiologic effects on ACTH 
therapy have experienced prolonged remissions. Ac¬ 
cordingly, we have treated 12 patients with high dosage 
Cortisone, including seven cases of rheumatoid arthritis, 
one of rheumatoid spondylitis, one of juvenile rheumatoid 
arthritis, two of disseminated lupus erythematosus, and 
one of smoldering rheumatic fever with carditis. Pre¬ 
vious standard dosage of ACTH or Cortisone in four bf 
these patients had failed to produce lasting improvement. 

Five hundred milligrams of Cortisone were administered 
intramuscularly daily for 14-28 day periods to the eleven 
adults, the juvenile rheumatoid arthritis patient receiving 
300 milligrams daily. Clinical and laboratory improve¬ 
ment was noted in all cases. Transient psychotic epi¬ 
sodes in two patients and marked fluid retention in a third 
were the only serious effects noted. These did not persist. 

The first five consecutive patients treated have been fol¬ 
lowed for 74-88 days after threapy and all are in good 
clinical remission. In all cases, no evidence of continuing 
hormonal activity by the usual clinical and laboratory cri¬ 
teria and no evidence of continuing adrenal suppression 
could be demonstrated during the period of clinical re¬ 
mission after therapy. 

Four patients have been followed for 13-32 day periods 
following treatment and are in good clinical remission. 
Three patients have just concluded therapy. 

The prolonged remission in the first five patients and 
the shorter but definite remission in the next four so 
treated is highly significant in view of the previous high 
relapse rate on standard dosage. High dosage therapy 
can be administered with safety and deserves further in¬ 
vestigation. 

Clinical Observations on the Effects of Adenylic Acid and 
Cocymase. William B. Bean,* Iowa City, Iowa. 

Various adenine derivatives, including yeast- and muscle- 
adenylic acid and cozymase, have been injected intrave¬ 


nously into three classes of subjects: 1) convalescent hos¬ 
pitalized patients without cardiovascular disease, 2) pa¬ 
tients who had experienced painful myocardial infarction 
in the past, and 3) patients with acute pellagrous glossitis. 
Control electrocardiograms were taken, using lead 2, and 
a continuous 2-minute tracing during and following in¬ 
jection with short runs 3, 5 and 10 minutes after injec¬ 
tion was begun. All subjects experienced hyperpnea, a 
feeling of warmth throughout the body and occasionally 
abdominal pain and hyper-peristalsis. These usually disap¬ 
peared within five minutes. Electrocardiographic changes 
were confined to T-waves and mechanism disturbance. 
Ninety-five per cent of patients had tachycardia after 
adenylic acid and about three-quarters showed T-wave 
changes. Similar changes occurred after cozymase was 
injected but they were not as common nor as e.xtensive. 
Some patients who had had painful myocardial infarction 
in the past e.\perienccd sensations after adenylic acid re¬ 
sembling those they had with acute myocardial infarction. 

Intravenous cozymase in doses of 100-300 mg. was 
found to produce a rapid improvement in pellagrous glos¬ 
sitis. This did not occur with yeast- or muscle-adenylic 
acid. 


Studies on Acquired Resistance to the Slnvartsman 
Phenomenon. Ivan L. Bennett, Jr. and Leighton E. 
Cluff, Durham, N. C. (Introduced by Julian M. 
Ruffin). 


It has been amply demonstrated that with repeated in¬ 
jections of the products of Gram-negative bacteria animals 
and human subjects rapidly acquire a tolerance for many 
of the toxic effects of these materials (fever, leukopenia, 
hypotension). This tolerance is of short duration, is not 
passively transferred by serum, and is non-specific in that 
tolerance to the “endotoxin” of one species applies also 
to similar substances from heterologous organisms. 
Many of these bacterial products are highly active in the 
production of the Shwartzman phenomenon. If the 
Shwartzman reaction is elicited repeatedly in rabbits, 
there rapidly develops a state of non-reactivity. 

The experiments reported here were designed to de¬ 
termine; 1) if the production of typical skin reactions 
was necessary for the development of non-reactivity, 2) 
if incomplete reactions produced by giving only repeated 
skin or intravenous injections caused resistance, and 3) if 
thorotrast injection eliminated tolerance. 

The materials used for the reaction were meningococcus 
filtrate or Prodigiosus polysaccharide (Shear). 

Rabbits made resistant to typhoid vaccine consistently 
develop a state of non-reactivity to the Shwartzman phe¬ 
nomenon which disappears in 3-5 weeks if daily injections 
are discontinued. This material, in the doses employed, 
does not elicit the Shwartzman reaction. 

Groups of animals were treated simultaneous y as fol¬ 
lows: A) given repeated Shwartzman reactions at 2 day 
intervals, B) receiving intravenous injections only, C) re¬ 
ceiving skin preparatory injections on y. 

Animals in A developed 

reactions of diminishing intensity. At this , B and C 
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animals uniformly showed complete tolerance to the reac¬ 
tion also. All animals exhibited a return of reactivity in 
3-5 weeks. 

Thorotrast injection promptly abolished tolerance in 
groups A, B, and C and also in animals treated with 
typhoid vaccine. 

Studies on Adrenocortical Eosinopenia. William R. Best, 
Robert C. Muehrcke and Robert M. Kark,* Chicago, 
Ill. 

We have described elsewhere the statistical errors and 
physiological variations in eosinophil counts of the circu¬ 
lating blood, and have demonstrated the importance of 
these factors in evaluating serial eosinophil counts. The 
present study is a clinical and statistical analysis of re¬ 
peated four-hour eosinophil response tests to ACTH 
(Thorn test), epinephrine, ephedrine, and placebos in 135 
healthy individuals and patients. The latter were ill with 
Addison’s disease, malnutrition, cachexia, anorexia ner¬ 
vosa, proven pituitary or hypothalamic lesions, or other 
conditions. Several subjects were tested before and after 
splenectomy. 

The majority show some eosinopenia following treatment 
with placebos (20% mean fall). A significantly greater 
eosinopenia (31% mean foil) is noted following ephedrine. 
The response to ephedrine is often much less than to 
ACTH in conditions bearing no known relationship to the 
pituitary-adrenal axis. On the other hand, significant 
eosinopenia was seen in patients with demonstrable lesions 
of the pituitary or hypothalamus. 

The degree of response is independent of the initial 
eosinophil level. More consistency on repeated tests is 
noted in subjects with high initial counts and marked 
eosinopenic responses than in those with initial counts un¬ 
der 150/cmm. or with slight eosinopenic response. 

From these studies we conclude; (1) Single tests with 
ACTH or ephedrine which fail to show significant eosino¬ 
penia do not establish the diagnosis of Addison’s disease; 
(2) Marked eosinopenia indicates adequate adrenocorti¬ 
cal function; (3) Repeated failure of response to epineph¬ 
rine or ephedrine cannot be construed as indicating adrenal, 
pituitary, or hypothalamic disease; (4) Repeated failure 
of ACTH to produce eosinopenia strongly suggests non¬ 
functioning adrenals; (5) The level of response to epi¬ 
nephrine or ephedrine does not give accurate information 
regarding the integrity and functional activity of the 
pituitary-adrenal axis, and (6) The spleen does not play 
a part in the mechanism of adrenocortical eosinopenia. 

Observations on Survival of Mice After Exposure to 

Lethal Doses of X Radiation. W. F. Bethard and 

L. O. Jacobson,* Chicago, Ill. 

The discovery by Jacobson that spleen shielding in 
otherwise totally irradiated mice resulted in decreased 
mortality and more prompt hematopoietic recovery has 
been followed by a diligent search for the probable mecha¬ 
nism of action. Similar protection by cysteine, as shown 
by Patt, posed the question as to whether or not the two 
mechanisms were related. As a first step it seemed de¬ 


sirable to determine whether or not simultaneous use of 
the two methods would afford additive protection and for 
this an experiment was devised. 

Approximate groups of mice (18 animals in each group) 
were subjected to 1100 r X radiation. Of the non-protected 
controls, all but one (95%) were dead within 28 days. 
Of those animals whose spleens were shielded with lead 
during irradiation, nine (50%) were dead in the 28 day 
period. A third group received 10 mg. of cysteine HCl 
intravenously 15 minutes before exposure to X radiation. 
Within the observation period 15 (83%) had succumbed. 
Animals of the fourth group received 10 mg. cysteine 
HCl as above. In addition, the spleen was lead-shielded 
during exposure to X radiation. Of these mice, only one 
out of eighteen (5%) died; and that death occurred on 
the first postoperative day. 

Combined cysteine HCl administration and spleen pro¬ 
tection yielded additive protection from X radiation over 
either method used singly. Further work is in progress 
to determine the LD50/28 days for mice given such pro¬ 
tection. 

The Influence of pH on Blood Coagulation. Frederick 
S. Bigelow, Boston, Mass. (Introduced by Henry 
Jackson, Jr.). 

Increase in alkalinity occurs in even briefly stored oxa- 
lated normal plasma, and has been found to cause errors 
in interpretation of certain coagulation tests. Within 2 
hours during unstoppered storage at room temperature, 
the pH of 2 ml. samples rose to 8.4. 

The thrombin-time of such stored plasma increased 
markedly. However, plasma samples, maintained at pH 
7.4 by equilibration with mixtures of COj and Oj or Nj, 
showed unchanged thrombin-time for 6 hours at room tem¬ 
perature, and for 24 hours when frozen and prothrombin- 
free. Reduction of the pH from 8.4 to 7.4 shortened the 
thrombin-time to equal that of the equilibrated control. 
Thrombin-times were minimal in the pH range 6.25- 
8.60, at pH 7.30 in plasmas equilibrated with appropriate 
gas mixtures, and at pH 7.00 when adjusted by added 
0.3N HCl or NaOH. The use of thrombin solutions 
buffered to pH 7.25 with imidazole failed effectively to 
control the pH of the reaction mixture. 

Significant increases in recalcification-time of plasmas 
occurred within 1 hour of unstoppered storage. When 
kept at pH 7.4, there was but slight increase within the 
first 3 hours, but thereafter large increases occurred 
despite continued pH control. Systematic examination 
over pH range 6.25-8.8 revealed minimal recalcification 
times of 85-92 seconds between pH 6.2-7.5 with gas mix¬ 
ture equilibration and between 6.80-7.50 with HCl or 
NaOH adjustment 

Increase of the one-stage prothrombin-time occurred 
witlun 1 hour of unstoppered storage of mixtures of nor¬ 
mal with prothrombin-free plasma. In equilibrated mix¬ 
tures prothrombin-time was minimal at pH 7.35 and sig¬ 
nificantly lengthened at pH 8.00. Prothrombin-free 
plasma, after 72 hours in the frozen state at pH 7.40 did 
not retard coagulation when used as diluent in the one- 
stage procedure. 
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Myocardial Oxidative Metabolism and Initial Fiber 
Length of the Failing Human Heart. R. J. Bing,* W. 
Falholt, R. Heimbecker and D. Carroll, Baltimore, 
Md. 

Oxidative myocardial metabolism and cardiac efficiency 
were investigated in 80 patients with and without cardiac 
failure, by means of coronary sinus catheterization and 
the nitrous oxide method. The diastolic volume of the 
right ventricle was determined by injecting Evans Blue 
into the right ventricle through a double lumen catheter 
and suctioning the dye and blood mixture from the pul¬ 
monary artery through an automatic dye recorder. From 
the slope of the dye dilution curve, the residual and dia¬ 
stolic blood volumes of the right ventricle could be 
estimated. 

In patients with increased diastolic volume but without 
myocardial failure, as in peripheral A-V fistulas, the myo¬ 
cardial oxygen consumption per unit weight was elevated. 
In patients with myocardial failure, the myocardial oxy¬ 
gen usage was normal despite large increases in the 
initial myocardial fiber length. These findings indicate 
that (a) failure is accompanied by a defective conversion 
of oxidative energy into useful work and that (b) an in¬ 
crease in initial tension of the heart muscle fiber augments 
oxidative myocardial metabolism only in the absence of 
chronic failure. 

Cardiac glycosides caused a decrease in the initial fiber 
length and a rise in the work of the failing human heart. 
They had no effect on myocardial oxygen consumption. 
This suggests that cardiac glycosides act by influencing 
the initial fiber length and by a more effective conversion 
of oxidative energy into useful work. 

Effect of Portacaval Anastomosis on Hepatic Oxygen 
Extraction and Estimated Hepatic Blood Flow in Pa¬ 
tients with Cirrhosis. S. E. Bradley,* A. I. Mac- 
PHERSON, A. Gammeltoft and A. H. Blakemore, New 
York, N. Y. 

Measurements of hepatic oxygen extraction were made 
in 12 patients with portal hypertension due to cirrhosis 
before and after portacaval anastomosis. In 10 of these 
individuals hepatic blood flow (EHBF) could be estimated 
by the Bromsulfalein (BSP) clearance method. The 
hepatic arterio-venous oxygen difference increased in all 
but two. This value ranged from 3.0 to 5.3 vol. per cent 
preoperatively and increased by 16 to 110 per cent during 
the post-operative period (14 days to 30 months), ranging 
from 4.5 to 8.4 vol. per cent. Of the two patients showing 
a fall in hepatic oxygen extraction, one suffered from 
hepatic disease of such severity that BSP extraction was 
less than 10 per cent and the second was studied only 7 
days after operation. It is possible that disturbances of 
hepatic function attributable to anesthesia and operation 
may have altered the response in the latter. EHBF fell 
in every case (from 10 to 110 per cent, 940 to 1870 ml. 
per min. pre-operatively and 530 to 1500 ml. per min. 
post-operatively). BSP extraction increased markedly in 
nearly every instance. These changes may be attributed 
to decreased portal venous inflow following the fall in 


portal venous pressure; the less rapid perfusion per¬ 
mitting more effective extraction of oxygen and BSP. 
Apparently an appreciable fraction of the oxygen supply 
to the liver is provided by the portal venous blood even 
in the presence of cirrhosis. This phenomenon may afford 
a means of assessing the potency of the shunt post- 
operatively. 

Blood Pressure Responses to ACTH and Cortisone in 
Normotensive and Hypertensive Subjects in the Resting 
State and During Autonomic Blockade with Tetra- 
ethylammonium Chloride. Albert A. Brust, William 
Ransohoff and Morton F. Reiser,* Cincinnati, Ohio. 

Responses of the blood pressure and tetraethylammonium 
chloride (TEAC ) “floor” to ACTH, cortisone, and des- 
oxycorticosterone acetate have been studied. Appropri¬ 
ate metabolic changes were followed. 

In six patients (3 hypertensive, 3 normotensive) who 
received ACTH, the “TEAC floor" rose above control 
levels within 24 hours after the drug was started and 
remained elevated throughout. Following discontinuance 
of the drug, “TEAC floors” fell below control levels. 
In three of the patients, changing the sodium intake pro¬ 
duced additional shifts in the “TEAC floor” similar in di¬ 
rection and magnitude to the shifts induced by the same 
maneuver in the absence of adrenocortical stimulation. 

Cortisone produced a slower but equally striking rise 
in “TEAC floor” in a normotensive and hypertensive pa¬ 
tient, thus excluding pituitary pressor content of ACTH 
as the cause for the responses. With both drugs the 
usual depressor effects of TEAC were ultimately con¬ 
verted to a pressor rise, suggesting that autonomic block¬ 
ade potentiates the vascular effects of ACTH and corti¬ 
sone. DOCA did not produce a significant change in 
“TEAC floor” in a normotensive patient who responded 
dramatically to both ACTH and cortisone, ruling out 
DOCA-like action of cortisone in producing the ob¬ 
served vascular responses. 

Resting blood pressures rose with both drugs, but the 
rise was less striking than that of the “TEAC floor.” 
Blood pressure elevations were more prominent in normo¬ 
tensive than in hypertensive subjects. 

The data suggest that: 1) Administration of ACTH or 
cortisone significantly alters the blood pressure and 
“TEAC floor.” The responses are independent of sodium 
retention and indicate that the vascular effects of these 
drugs are mediated by a humoral mechanism which is 
potentiated by autonomic blockade. 2) The “TEAC 
floor” appears to be a sensitive indicator of adreno¬ 
cortical activity as induced by ACTH and substituted for 
by cortisone. The responses precede eosinophil depres¬ 
sion and other metabolic effects. 

Elimination of Intravenous Carboid* Bicarbonate by Man. 
Donald L. Buchanan, Chicago, Ill. (Introduced by 
Austin M. Brues). 

A body of data has been obtained concerning the excre¬ 
tion rates and tissue retention of inorganic carbon” ad¬ 
ministered to rats and mice. The present study compares 
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the human excretion of injected NaHC“0, to rates ob¬ 
served in smaller animals in order to provide a basis for 
the computation of permissible human doses of this iso¬ 
topic compound. In this work 10 microcuries of material 
was injected intravenously into healthy human volun¬ 
teers and all expired CO 3 was collected in fractions dur¬ 
ing the following 3 hours. With the subject at rest ap¬ 
proximately 75 per cent of the radioactivity is exhaled 
as COj during the first hour; 90 per cent is gone in 2 
hours; and 95 per cent has been blown off at the end of 
the third hour. 

Within the error of the methods used the rate of iso¬ 
tope excretion by different sized animals is proportional 
to the metabolic rate per unit mass of animal. When pub¬ 
lished data of others are included this relationship seems 
valid for animals as large as the cow (Kleiber) and as 
small as the mouse. On this basis the extrapolation to 
man of information obtained in long term experiments 
with rats and mice indicates that an intravenous injection 
of 20-40 millicuries of NaHC'O, or the inhalation of a 
comparable amount of C’O- would be required to give a 
70 kg man a total radiation dose of 1 roentgen equivalent 
over his entire life span. 

The Deienninadon of Traces of Calcium and Magnesium 
in Plasma. Edward S. Buckley, Jr. and Theresa R. 
BoRTOLOTTt, Boston, Mass. (Introduced by John G. 
Gibson, 2nd). 

Currently available techniques are not sufficiently sensi¬ 
tive to assay calcium in plasma following its exposure 
to a cation exchange resin. No technique for the direct 
assay of plasma magnesium has been found satisfactory. 
Analytic techniques based on the principles outlined by 
Schwarzenbach have been developed. Murexide am¬ 
monium purpureate reacts with plasma calcium at pH val¬ 
ues greater than 12.5 to give a red solution. Eriochrom- 
schwarz-T reacts with plasma magnesium at a pH of 10.8 
forming a red color. Neither color obeys Beer’s law and 
the murexide fades. If sufficient ethylene-diamine-tetra- 
acetate is added to either solution the metal-free color is 
obtained (purple for the murexide and green for the 
Eriochromschwarz). Ethylene-diamine-tetra-acetate re¬ 
acts mole for mole with calcium and magnesium at these 
pH values, chelating all of the calcium before the mag¬ 
nesium. The calcium concentration can thus be com¬ 
puted from the murexide titration and the sum of the 
calcium and magnesium concentrations from the Erio¬ 
chromschwarz titration. Potassium cyanide is included 
in the system to prevent interference from iron, zinc, and 
copper. 

Using these techniques, plasma calcium concentrations 
ranging from 6.0 to 0.2 milli-equivalents per liter and mag¬ 
nesium concentrations from 2 .S to 0.10 milli-equivalents 
per liter have been measured. 

Combined Antimicrobial Action Upon Penicillin Re¬ 
sistant Organisms In Vitro. Paul A. Bunn* and 

Leonard Canarili, Syracuse, N. Y. 


Two micro-organisms recovered from patients with 
subacute bacterial endocarditis have been tested in vitro 
with a variety of antibacterial substances, singly and in 
combination. Both organisms were resistant to penicillin, 
3 and 5 units penicillin respectively, and effective concen¬ 
trations of streptomycin against each were 10 units. As 
they were difficult of eradication in vivo, studies were de¬ 
signed to demonstrate an interfering, or a synergistic ac¬ 
tion among the combination of other agents. 

The two organisms, alpha hemolytic streptococcus and 
group D enterococcus, were tested in various dilutions 
and combinations of penicillin, streptomycin, terramycin, 
aureomycin, and chloramphenicol. Each organism was 
exposed to concentrations of at least two agents equal to, 
higher than and less than the measured sensitivity levels. 
Observations upon growth of organisms were noted at 
periodic intervals for 72 hours. 

True interference of action of one antimicrobial agent 
against another was not observed. Synergism of high 
order occurred only with use of penicillin and streptomycin, 
each at levels of measured sensitivity. Reduced activity 
was noted with streptomycin at effective and penicillin at 
less than effective concentrations. When both were added 
in sub-effective levels, antibacterial action was less than 
when adequate amounts of either alone were used. With 
all other agents in combination with penicillin, neither an 
additive nor a synergistic effect was noted. Adequate and 
higher than adequate concentrations of each, when com¬ 
bined with the effective amounts of penicillin, resulted in 
more growth than when penicillin was used alone. Growth 
curves after aureomycin, chloramphenicol or terramycin 
with penicillin were identical and corresponded with those 
seen after sub-effective amounts of penicillin or strepto¬ 
mycin used singly. Use of three agents together did not 
reveal differences from that observed with two. Pres¬ 
ence of penicillin always enhanced activity of aureomycin, 
chloramphenicol and terramycin. 

Studies on Amethopterin, Citrovorum Factor, and Crude 

X-Methyl Folic Acid in Leukemia. Joseph H. Bvn.cn- 

ENAL * and E. M. Kingsley-Pillers, New York, N. Y. 

Amethopterin (4-amino-N“-methyl pteroylglutamic 
acid) is chemotherapeutically active against several strains 
of mouse leukemia. From one of these sensitive parent 
strains of leukemia (AK4) a resistant mutant (AK4R) 
has been developed by successive passage through treated 
mice. This resistance is not due to a relatively increased 
content of folic acid (F.A.) or citrovorum factor (C.F.) 
in the AK4R cell, nor is it due to decreased adsorption or 
absorption of amethopterin by the resistant cell. AK4R 
spleen slices, incubated with amethopterin, show no in¬ 
creased ability to detoxify the drug. AK4R shows cross 
resistance to all 4-amino derivatives of F.A. tested, but 
not to 9-methyl folic, crude X-methyl folic, or 2,6 diamino- 
purine. The most likely explanations for this resistance 
would seem to be the development of an alternate meta¬ 
bolic pathway bypassing C.F. or a qualitative change in 
the enzyme for which both C.F. and amethopterin are 
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competing so that there is a decrease in the affinity for 
amethopterin. 

Since these data suggest that the crude antagonist of 
folic acid might be effective in patients that have become 
resistant to amethopterin, and that the folic-citrovorum- 
amethopterin relationship may be altered in the develop¬ 
ment of resistance, clinical studies on the effects of the 
crude antagonist and on the effects of massive doses of 
amethopterin buffered by C.F. have been undertaken. 

In one patient who, on 2.5 mg. of amethopterin daily for 
eight days, developed toxic mouth ulcerations and leuko¬ 
penia, doses of 45-60 mg. daily for twenty-one days were 
tolerated when covered by simultaneous parenteral ad¬ 
ministration of 3 mg. of C.F. No more beneficial effects 
were noted on the leukemia than from 2.5 mg. of ametliop- 
terin alone. Titrations of the competitive citrovorum- 
amethopterin antagonism and the effects of crude antag¬ 
onist in patients will be reported. 

Studies on the Nature of the Adrenal Cortical Secretion 
in Patients with Malignancy. Robert B. Burton, 
Alejanbro Zaffaroni, Anthony J. Izeo and E. Henry 
Keutmann, Rochester, N. Y. (Introduced by Law¬ 
rence E. Young). 

The analysis of urine extracts by paper chromatography 
is so designed that each compound present having the 
chemical characteristics of the known corticoids can be 
isolated and its quantity estimated. 

Study of the free urinary corticoids in patients with 
leukemia or lymphomas showed that with ACTH stimu¬ 
lation the steroid showing the greatest increase was Com¬ 
pound F. The excretion of this hormone rose ten to sixty 
times that seen in the pre-ACTH period. While Com¬ 
pound E was present in amounts equal to, or slightly 
greater than. Compound F in the pre-ACTH period, its 
concentration rose only three to ten times under therapy. 
The same response held true for a third steroid com¬ 
ponent whose identity will be discussed. 

Untreated but well nourished patients with malignancy 
showed no significant difference from normal controls 
with regard to excretion of these major components. In 
cachectic patients with malignant disease the excretion 
of all components was moderately reduced. 

In both normal subjects and in patients treated with 
ACTH a much larger quantity of each corticoid was ex¬ 
creted as glucuronide conjugate than as free corticoid. 

Studies on the High Output Cardiac Failure of Occidental 
Beriberi. James A. Campbell, Louis A. Selverstone 
and Daniel L. Donovan, Chicago, III. (Introduced 
by S. Howard Armstrong, Jr.). 

To study high output cardiac failure and to compare it 
with failure of the low output type, hemodynamic meas¬ 
urements were obtained on 2 patients in cardiac decom¬ 
pensation with biochemically proved beriberi. The pa¬ 
tients were young alcoholics without underlying disease 
who entered with cardiac enlargement, pulmonary con¬ 
gestion, peripheral edema, glossitis, and peripheral neuri¬ 


tis. Avitaminosis was demonstrated by thiamine excre¬ 
tion and metabolic load tests. 

Prior to therapy these patients showed elevated resting 
cardiac indices of 4.3 and 7.2 L/min/lvP, which remained 
fixed during mild exercise. During this stress the stroke 
volumes fell, and pulmonary artery pressures rose mark¬ 
edly. These responses parallel from a high initial level 
those seen in a series of patients with low output failure, 
and indicate cardiac incompetence. 

Following effective therapy with clinical restoration of 
cardiac competence, the resting cardiac indices in these 
patients dropped to 2.5 and 2.7 L/min/iP respectively with 
concomitant decreases in resting stroke volumes and 
pulmonary artery pressures. However, during exercise 
they were then able to increase their cardiac outputs 
and stroke volumes appreciably, while pulmonary artery 
pressures rose only moderately. Their responses had 
become similar to those seen in normal subjects studied in 
this laboratory. In one patient, coronary sinus catheteri¬ 
zation Was also performed before and after therapy, and 
blood oxygen, glucose, lactic acid, and pyruvic acid levels 
were measured. 

Our data again show that high cardiac outputs occur in 
beriberi heart failure and decrease toward normal with 
the patient’s clinical improvement. During decompensa¬ 
tion the high resting values appear to be maximal; re¬ 
covery is characterized by renewed ability to increase car¬ 
diac output during stress. The analogy with the hemody¬ 
namics of low output failure is drawn. 

Effects of Paritol on the Prothrombin Times, Anti- 

Thrombin Times, and Lee-White Clotting Times. 

Don W. Chapman and Alan A. Ory, Houston, Texas 

(Introduced by James A. Green). 

Observations as to the effect of Paritol C on antithrom¬ 
bin and prothrombin activity and clotting times were made, 
in addition to antidote studies. 

In 23 dogs, Paritol, administered intravenously in doses 
of 3, 5, and 7 mg/kg, produced a peak effect in 15 to 30 
minutes with a prolongation of clotting times 2-3 times 
the normal value for 4-5 hours, and prothrombin time was 
notably prolonged. Protamine sulphate effects a prompt 
return of the clotting time to normal in a dose of 5 mg/ 
kg. Toluidine blue was found to be unreliable. 

Twenty-three patients, including 9 with acute myo¬ 
cardial infarctions, 4 with acute thrombophlebitis, 3 with 
arteriosclerotic heart disease, and 7 normals, have been 
treated with Paritol C administered intravenously for 24 
to 72 hours, with an average of 50 hours without any 
demonstrable toxic effects or developments of clinical 
thrombosis or emboli. 

Patients initially received a dose of 5 mg/kg of Paritol 
C intravenously and 3-S mg/kg when the clotting time 
fell below 20 minutes. The clotting times were effectively 
prolonged to 10 hours with e.xtremes of 6)4 to 18 hours. 
This onset of action is within 10-15 minutes after its ad¬ 
ministration. Antithrombin activity was greatly increased 
immediately following the administration of ^ Paritol C 
and fairly closely paralleled the clotting times. Di- 
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cumarol alone had no effect on the antithrombin activity 
in 14 patients. Serial prothrombin level determinations 
revealed an almost immediate prolongation in 8 of 12 cases 
tested with a maximum peak in 3—4 hours. In 2 the pro¬ 
thrombin levels dropped from 90 to 10 percent of normal 
without dicumarol. 

When dicumarol and Paritol C arc administered in com¬ 
bination, the antithrombin activity may enable one to dif¬ 
ferentiate their relative effect on the prothrombin time. 
When the prothrombin time is prolonged in the presence 
of increased antithrombin activity, Paritol C, in our 
opinion, may be partially responsible for its prolongation. 
Because Paritol is an immediately acting anticoagulant 
of relatively low toxicity which has a more prolonged 
action than heparin, and is potentially economically more 
available, it may prove to be superior to heparin. 

Effect of Sub-total Adrenalectomy on Renal Hemody- 
names and EJeetraJyta Ejccretion m Human Hyper~ 
tension. John Kapp Clark, Archer P. Crosley, Jr. 
and Harold G. Barker, Philadelphia, Pa. (Introduced 
by Francis C. Wood). 

Measurements of renal hemodynamics and electrolyte 
excretion have been made before and after sub-total 
adrenalectomy with removal of approximately 90 per cent 
of adrenal tissue in 6 severely hypertensive patients. The 
change in glomerular filtration rate (inulin or endogenous 
creatinine clearance) was small and variable. In 5 of 
6 patients effective renal blood flow (para-amino-hip- 
purate (PAH) clearance and hematocrit) increased at a 
time when mean arterial blood pressure was decreased, 
thus indicating a reduction in overall renal vascular re¬ 
sistance. Tabular maximal excretory capacity (Tm 
PAH) was not consistently changed post-operatively. 
The characteristic pathological functional pattern of the 
hypertensive kidney consists of increased vascular re¬ 
sistance located chiefly in the efferent arteriole with re¬ 
sultant high filtration fraction and ischemia relative to 
the mass of perfused tissue. The data suggest that this 
pattern may tend to be reversed by sub-total adrenalec¬ 
tomy since the high pre-operative filtration fractions fell 
in all 6 patients and the ratio of effective renal plasma 
flow to Tm PAH increased in 3 out of 4 patients. 

The rates of sodium, potassium and chloride excretion 
have been measured and correlated with the hemodynamic 
observations both pre- and post-operatively. The data 
show no systematic change in electrolyte excretion fol¬ 
lowing surgery. This may indicate that enough adrenal 
tissue remained to prevent the electrolyte imbalance char¬ 
acteristic of Addison’s disease, but the results are so vari¬ 
able, possibly due to changes in diet, rate of diuresis and 
state of hydration as well as to differences in the amount 
of gland still functioning that no conclusions can he 
drawn as to the effect of the operation on electrolyte 
excretion on the basis of these few cases. 

servalions on the Metabolic and Anti-Inflammatory 
Effects of Desoxycorticosterone. Testosterone and Cor¬ 
tisone in a Patient svith Rheumatoid Arthritis. Wh.- 


LiAsi S. Clark, Elizabeth L. Manning and Janet E. 
Appleton, Boston, Mass. (Introduced by Walter 
Bauer). 

Mineral and nitrogen balances were studied for 2S0 days 
in a 43 year old male with typical rheumatoid arthritis to 
determine the metabolic and inflammatory effects of corti¬ 
sone, desoxycorticosterone and testosterone (in doses of 
ISO, 25 and 100 milligrams per day, respectively), singly, 
together and in binary combinations for periods of 8 days. 
Sodium, potassium, calcium, chloride, phosphorus and 
nitrogen were determined. The actual and derived data 
revealed no metabolic anomalies during control periods. 
The administration of ACTH resulted in the expected loss 
of potassium, nitrogen, phosphorus and calcium with so¬ 
dium and chloride retention. All three steroids resulted 
in sodium and chloride retention, however administered. 
All treatment combinations involving testosterone resulted 
in potassium, nitrogen and phosphorus retention. Desoxy- 
corticosterone and cortisone caused potassium loss which 
increased when the hormones were administered together. 
Although cortisone and desoxycorticosterone did not ap¬ 
preciably alter nitrogen and phosphorus excretion, corti¬ 
sone counteracted the nitrogen and phosphorus-retaining 
effects of testosterone. Cortisone increased calcium excre¬ 
tion, whereas testosterone decreased it; however, the 
latter effect was counteracted by cortisone. Desoxy¬ 
corticosterone increased urinary calcium when it was ad¬ 
ministered with cortisone or testosterone and cortisone. 
Desoxycorticosterone prevented the calcium-retaining ef¬ 
fect of testosterone. The data add further evidence of the 
antagonistic effects of testosterone and cortisone on nitro¬ 
gen, potassium and phosphorus balances. They reveal an 
effect of desoxycorticosterone on calcium excretion and 
no antagonism behveen desoxycorticosterone and cor¬ 
tisone in relation to sodium and chloride excretion. 
They further suggest that the ACTH calcium diuresis 
may indicate an electrolyte hormone effect. They also 
reveal that the anti-inflammatory action of cortisone is 
not altered by testosterone and/or desoxycorticosterone 
and that this effect cannot be related to protein and elec¬ 
trolyte metabolism as measured by mineral and nitrogen 
balances. 

Ensymatically Hydrolyzable Formaldehydogenic Corii- 
coids: Normal Values and Observations on Disease 
States. A. C. Corcoran,* Harriet P. Dustan and 
Irvine H. Pace, Cleveland, Ohio. 

Treatment with beta-glucuronidase has been shown to 
increase yields of urinary corticoids. The present study 
deals with development and application of a standardized 
method for determination of total hydrolyzable formaJde- 
hydogenic corticoids (THFC) in normal subjects and in 
hypertensive disease; it includes observations in adrenal 
dysfunctions and on the effect of ACTH and cortisone. 

Determinations in normal subjects yielded the follow¬ 
ing values in mg. per 24 hours: Males, mean 23.516; 
females, 16.6 <r ± 9.3. Cordcoid determined without en¬ 
zymatic hydrolysis (FC) shows some correlation with 
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corticoid glucuronide; the ratio FC/THFC averages 
18.3 (T ± 8.8. 

The mechanism of the wide variations in values is not 
apparent since such occurs in the same person. However, 
amounts of THFC are found to increase with urine vol¬ 
ume (correlation coefficients, 0.53 in males and 0.71 in 
females). This is not due to effects of urine on activity 
of the enzyme. It is therefore attributable to some renal 
mechanism. This view is supported by the observation 
that total acid-hydrolyzable urinary glucuronide (“glu¬ 
curonic acid”) shows a similar association. 

In essential hypertension we can demonstrate neither a 
sex difference in mean rates of excretion of THFC nor a 
correlation with urine volume. THFC values found in 
these patients were; mean 16 o’ ± 8.9 in males and 15.3 <f ± 
8.5 in females. As previously surmized, tlie ratio FC/ 
THFC is sometimes very low, because high levels of FC 
occur in hypertensive disease. 

Cortisone (100 mg. daily) does not increase yields of 
THFC. Preliminary observations in systemic lupus 
erythematosus in acute relapse, under treatment with 
massive doses of cortisone or ACTH, indicate that yields 
of THFC increase as the process comes under control. 
Destruction of the steroid side chain probably decreases 
as the disease abates. These analyses may become rational 
guides to dosage schedules and may prevent hypercorti- 
coidism as a complication of hormonal treatment. 

In Vivo Studies of the Role of the Kidney in Intermediary 

Metabolism in Man and Dog. James W. Craig, Max 

Miller,* William R. Drucker, Hiram Woodward, 

Bernard L. Brofman and Walter H. Pritchard, 

Cleveland, Ohio. 

Renal excretory function has been emphasized in most 
studies of the normal and diseased kidney. However, 
there is evidence that this organ also plays a significant 
role in intermediary metabolism. The following studies of 
renal metabolic activities were therefore undertaken in 
man and intact anesthetized dogs. 

The concentrations of glucose, pyruvic acid, citric acid, 
and malic acid \yere determined in urine and in samples 
of blood obtained simultaneously from the renal vein (by 
catheter) and femoral artery. Renal blood flow was 
measured by PAH extraction, and glomerular filtration 
rate by inulin (in man) and creatinine (in dog) clear¬ 
ances. Renal balances were calculated by the equation: 

Renal balance (mgm./min.) = (A-V) RBF —U 

where A and V = concentrations (mgm./lOO cc.) in 
femoral artery and renal vein blood respectively. 

RBF = R^al blood flow (cc./min.) 

U = Urinary^^xcretion (mgm./min.) 

In the fasting resting state small positive balances of 
glucose and citric acid w^ere found. 

During glucose infusion the balances of glucose and py¬ 
ruvic acid became increasingly positive. 

During intravenous injection of sodium succinate the 
balances of pyruvic, citric, and malic acids became sig¬ 
nificantly negative. Glucose balance did not change. The 


urinary excretions of pyruvic, citric, and malic acids were 
increased strikingly. There was a diminution in the per¬ 
centage of filtered pyruvic acid which was reabsorbed 
by the renal tubules and a decrease in the net amount of 
citric acid reabsorbed. Part of the increase in malic acid 
excretion appeared to be accounted for by renal tubular 
secretion. 

If it is assumed that a positive renal balance of a sub¬ 
stance signifies its utilization by the kidney and that a 
negative balance implies renal formation of the substance, 
the above results demonstrate that human and dog kidneys 
in vivo have metabolic activities in addition to the recog¬ 
nized excretory functions. 

The Hemodynamic Actions of Protoveratrine in Essential 
Hypertension. Charles W. Crumpton, Carl K, 
Friedland, Peter T, Kuo, Truman G. Schnabel, 
Jr., Elwood L. Foltz, Robert G. Page, Jesus Alanis 
and Joseph H. Hafkenschiel, Philadelphia, Pa. (In¬ 
troduced by Calvin F. Kay). 

Protoveratrine injected intramuscularly (6 micrograms 
per kilogram—18 patients) and intravenously (2 micro¬ 
grams per kilogram—10 patients) decreased blood pres¬ 
sure markedly and produced a bradycardia of from 40 
to 60, over a two hour period. Pressures remained low 
for four hours after intramuscular injection. Unpleasant 
symptoms were less severe than with "purified” veratrum 
viride extracts, but there was pain at the injection site. 
Intravenous dosage lowered blood pressure 30% for at 
least one hour, with minimal unpleasant symptoms and 
much less bradycardia. Oral dosage of 0.75 to 1.125 mgm., 
in 8 patients, induced a significant hypotension in 4, with 
unpleasant symptoms and complete heart block in 3 of 
these patients. No significant change in the circulation 
was observed in the other 4, who received 0.75 mgm. 

Ballistocardiographic studies in 3 normal subjects and 2 
hypertensive patients, before and after the intravenous 
dosage, showed an increase in the size of the wave form 
suggesting an increase in stroke volume, along with hypo¬ 
tension and bradycardia. However, direct recording of 
central aortic pulse pressure waves under similar condi¬ 
tions did not indicate a significant increase in stroke 
volume. ' 

Measurement of coronary hemodynamics and oxygen 
metabolism in anesthetized dogs (2.5 to 3.0 micrograms 
per kilogram intravenously) suggested a slight decrease 
in coronary vascular resistance at the time of the hypo¬ 
tension. However, the effects on circulation did not indi¬ 
cate that protoveratrine has a therapeutically desirable 
action under these conditions. 

Cerebral circulation studies in seven hypertensive pa¬ 
tients (2 micrograms per kilogram intravenously) showed 
a significant reduction in cerebral vascular resistance one 
hour after injection. Cerebral blood flow, cerebral arterio¬ 
venous oxygen difference, and cerebral oxygen consump¬ 
tion remained constant. 

The Metabolism of Labelled Proteins in Rabbits: The 
Sensitivity of the Antiaen Elimination Rate as an In i- 
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caior of Antibody Response. Gustave J. Dammin,"* 
Samuel C. Bukantz,* Frank J. Dixon and David W. 
Talmage, Saint Louis, Mo. 

Intravenously injected homologous globulin is elimi¬ 
nated from tlic blood in two distinct phases, a rapid di¬ 
lution and a slow constant non-immune phase with a 
biologic half life (BHL) of 48 hours. The elimination of 
bovine gamma globulin (BGG) also presents initial di¬ 
lution and non-immune phases, the latter continuing until 
tlie fourth day when a rapid elimination rate (BHL— 
16 hours) begins and continues until the 7-8th day when 
less than 0.1 per cent of the injected protein remains. 
Such tri-phasic elimination curves are obtained with 
total antigen doses of 1, 75 or 500 mgs. Circulating anti¬ 
body appears inconstantly following the 1 mg. dose, but 
is detectable on the 7-8th day following larger doses, per¬ 
sisting until the 20th day. Following complete disap¬ 
pearance of antigen from the blood, there is no significant 
tissue radioactivity. About 80 per cent of the injected 
protein-bound can be recovered in the urine as non¬ 
protein-bound 1“', neither antigen nor protein-bound ac¬ 
tivity appearing in the urine. 

Because (1) the rate of the third phase of antigen elimi¬ 
nation in the normal rabbit roughly parallels elimination 
in the sensitized rabbit, (2) the appearance of circulating 
antibody coincides with the disappearance of circulating 
antigen, and (3) rapid antigen elimination can be in¬ 
duced with passive antibody, this phase has been identified 
as an immune phase. 

Rabbits injected with 1 mg. of BGG may develop no 
circulating antibody, but on re-injection exhibit a specific 
anamnestic response. X-irradiated (250 R) rabbits in¬ 
jected with BGG may show a short rapid third phase 
and develop no circulating antibody but on re-injection will 
exhibit a specific anamnestic response. Thus, with mini¬ 
mal antigenic stimulation or partial suppression of the 
immune response, no circulating antibody appears but 
the presence of a rapid antigen elimination phase con¬ 
stitutes immediate evidence of an immune response. 

Adrenal Cortical Reserve in Severe Hyperthyroidism. 
William H. Daughaday and A. Lewis Farr, St. Louis, 
Mo. (Introduced by C. M. MacBryde). 

Abnormal adrenocortical function in hyperthyroidism 
has been suspected by many investigators. We have 
studied seven patients with severe hyperthyroidism with 
basal metabolic rates between plus 50 and plus 100 per 
cent In each patient eosinophil leukocytes, urinary 17- 
ketosteroids and urinary formaldehydogenic steroids were 
measured before and after ACTH. Twenty-five mg. of 
ACTH were given, then 10 mg. every six hours for 48 
hours. The average excretion of formaldehydogenic 
steroids was 1.9 mg./day (normal 0.5-1.5 mg.) before 
ACTH and 1.9 mg. and 2.2 mg. on the first and second 
days of ACTH treatment. The average excretion of 17- 
ketosteroids was 12.0 mg./day before ACTH and 12.7 
and 12.7 mg./day on the 1st and 2nd day of ACTH. 
Normal rise of 17-ketosteroids on 2nd day of ACTH is 
6 mg./day. The average fall in eosinophils four hours 


after 25 mg. ACTH was 46 per cent. Four patients had 
less than 40 per cent drop in eosinophils. Normal fall 
is 76 per cent. Repeated studies of adrenal function were 
made in 4 other patients with severe hyperthyroidism. 

These results suggest; 1) that hyperthyroidism is a 
stimulus for increased adrenal activity and 2) that de¬ 
creased adrenal reserve may be present in severe hyper¬ 
thyroidism as measured by responses to ACTH of 
eosinophils, ketosteroids, and formaldehydogenic steroids. 

Use of Mutants to Reveal a Vitamin {FOB) Antagonis¬ 
ing the Chemotherapeutic Action of PABA. Bernard 

D. Davis,* New York, N. Y, 

In contrast to the antagonism of PABA to sulfonamides, 
the mechanism of antirickettsial chemotherapy by PABA 
is not understood. This problem was unexpectedly solved 
during studies on biosynthetic paths in Escherichia coli. 
Certain mutants blocked at an early stage in aromatic 
synthesis, which grow slowly on a mixture of tyrosine, 
phenylalanine, tryptophan, and PABA, were found to 
grow more rapidly on shikimic acid, a precursor of these 
metabolites. Since growth on the quadruple supplement 
was accelerated by culture filtrate of the parent wild type 
strain, we postulated a fifth aromatic metabolite to be 
derived from shikimic acid. This filtrate factor was 
identified as p-hydroxybenzoic acid (POB); it is fully 
active at a concentration (0.01 A^g/ml) characteristic of 
vitamins. Its sulfone analogue (4,4'-dihydroxydiphenyI 
sulfone) was found to be a competitive inhibitor of E. 
coli. On the basis of structural considerations PABA 
was similarly tested; it slowed growth of E. coli at ISO 
pg/ml, and was reversed by POB in a 1/200 ratio. 
Preliminary experiments of J. C. Snyder have shown that 
POB also antagonizes rickettsiostasis by PABA in ani¬ 
mals and chick embryos. Since POB is not present in 
significant amounts in liver extract, and one analogue of 
it (PABA) is known to have chemotherapeutic utility, 
the expectation has been realized that mutants could re¬ 
veal metabolites peculiar to microorganisms, and hence 
suitable as models for the synthesis of chemotherapeutic 
analogues. 


Measurement of Pulmonary Pressure. Howard G. Day¬ 
man, Buffalo, N. Y. (Introduced by David K. Miller). 

Pulmonary pressure, as previously reported, is the dif¬ 
ference between lung tension and pleural pressure, all 
expressed as cm. HOH pressure. The difficulty is meas¬ 
urement of lung tension. Rate of airflow and pleural 
pressure are continuously recorded by apparatus of origi¬ 
nal design in patients having a small pneumothorax 
space. At the instant of apnea between breaths of vary¬ 
ing size, lung tension and pleural pressure are identical, 

and it is shown that Tension _ ^ From 

the airflow tracing, change in lung volume and thereby 
change in lung tension may be computed at 31oth second 
intervals during active respiration. This method of com¬ 
puting lung tension, not previously described, is the only 
means by which trends in pulmonary pressure may be 
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determined with any degree of accuracy. Knowing the 
rate of airflow, change in lung volume, pulmonary pres¬ 
sure, lung tension, and pleural pressure enables one to 
study the mechanical forces affecting ventilation. Re¬ 
sistance to airflow is of special interest (cm. HOII pres¬ 
sure necessary to produce 1000 cc/sec. airflow). 

Limitations of method include: 1) Pulmonary pressure 
is certainly not uniform throughout the lung and the data 
thus express trends in pressure rather than absolute 
measurements. 2) Pneumothorax on one side disturbs 
pressure relations between the pleural cavities. Evidence 
is presented to indicate that such pressure difference is 
appreciable only in a position- of extreme expiration. 
Tests were made, therefore, in the complemental air 
range so far as possible. 3) Computed resistance to air¬ 
flow is inexplicably low at the inception (.1-.3 sec.) of 
both inspiration and expiration. Evidence indicates that 
this is due to sudden change in the size of dead space. 
4) Lung tension/lung volume relationship is abnormal in 
advanced emphysema and lung tension can be computed 
only by plotting a curve expressing the relationship and 
applying that curve to a particular breath. The mechanics 
of ventilation in emphysema are so abnormal that such 
inaccuracy as may result from this method of computing 
lung tension is not serious. 

The Behavior of Human Thyroid Tumors Transplanted 
to the Anterior Chamber of Guinea Pig Eyes. Brown 
M. Dobyns and Beatrice Lennon, Boston, Mass. 
(Introduced by Oliver Cope). 

The survival and growth of human tumors after trans¬ 
plantation to the anterior chamber of the guinea pig’s eye 
has been regarded as a means of studying the behavior 
of tumors and diagnosing malignancy. Malignant lesions 
are said to grow, while benign lesions are absorbed. 
Twenty-three thyroidal tumors (many malignant or ques¬ 
tionably malignant) as well as control tissues have been 
transplanted into 228 eyes of guinea pigs. Many malig¬ 
nant tumors have survived and grown. Some tumors, 
regarded as morphologically benign, have survived in 
the eye for over one year contrary to expectation. The 
survival but failure of multiplication of these tumor cells 
raises interesting speculation. 

Some very undifferentiated thyroidal tumors which 
originally had no resemblance to thyroid have, after habita¬ 
tion in the eye, differentiated and acquired a resemblance 
to normal thyroid. 

During a period of four years, one very undifferentiated 
thyroidal tumor was retransplanted through nine genera¬ 
tions and 444 eyes during which time it gave rise to al¬ 
most every histological pattern of carcinoma found in 
the human thyroid. These changes may be related to 
the variable character of some carcinomas growing in 
man. 

Illustrations of the histological pictures serve to docu¬ 
ment the changes that have been found. 

Acquired Hemolytic Anemia as the Presenting Syndrome 
of Lupus Erythematosus Disseminata. Edmund L. 


Dubois, Los Angeles, Calif. (Introduced by Paul 

Starr). 

The cause of the hematological abnormalities in dis¬ 
seminated lupus has been as great an enigma as the eti¬ 
ology of the disease; it is the purpose of this paper to 
present three patients with the previously unreported syn¬ 
drome of acquired hemolytic anemia including positive 
Coombs test who subsequently developed the classic fea¬ 
tures of disseminated lupus. The second aim of the paper 
is to review the blood changes in this disease with the 
hope of showing that a causative mechanism is the sec¬ 
ondary form of “hypersplenism” and to emphasize the 
importance of studies for Hargraves cells on all patients 
with evidence of any form of increased splenic activity. 

The first and third patients had the classic pattern of 
acquired idiopathic hemolytic anemia. Soon after this 
they developed the other changes of disseminated lupus. 
As a result of these cases, routine "LE” studies were 
done on all patients with evidence of hypersplenism. In 
the course of this investigation. Case Two, who also pre¬ 
sented herself with acquired hemolytic anemia, was diag¬ 
nosed as lupus. Several days later bilateral pleural effu¬ 
sions appeared. 

It is shown that there is no cross-reaction between the 
antibodies giving positive Coombs test and the LE factor. 

The following changes may be due to increased splenic 
activity, namely, leukopenia, thrombocytopenia, and hemo¬ 
lytic anemia, provided that the bone marrow is hyper¬ 
plastic. Leucopenia is well known in lupus and it is 
pointed out that the marrow is myelopoietically active. 

Thrombocytopenic purpura has often been reported as 
an initial manifestation of disseminated lupus. Bone mar¬ 
row studies show plentiful megakaryocytes not forming 
platelets. 

The findings in these three patients and others suggest 
the hemolytic nature of the anemia in the early stages. 

In view of the above it is postulated that hypersplenism 
of the secondary type plays a significant role in lupus. 

/ • 

'Changes in Connective Tissue Reaction Induced by Corti¬ 
sone—in vivo Observations using the Rabbit Ear 

Chamber Technique. R. H. Ebert,* Chicago, Ill. 

Since earlier work in our laboratory using the rabbit 
ear chamber as an in vivo method of observation had 
provided insight into the dynamics of certain hypersen¬ 
sitive states, it was felt that a study of the effect of Corti¬ 
sone on these reactions might provide basic information 
as to how this hormone modifies the inflammatory re¬ 
sponse. Tuberculous infection, the focal reaction, and 
serum sickness were chosen for study because considerable 
information about these reactions has been accumulated. 

The inflammatory response was studied in 24 experi¬ 
ments using Cortisone (5-25 mg. daily) and 21 untreated 
controls. Cortisone produced certain consistent changes in 
the inflammatory response which were independent o 
the type of reaction studied. , . 

1) In all reactions, vascular tone was better maintame 
in the Cortisone treated animal than in the untreate con^ 
trol. This effect seemed to be due primarily to a main e 
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nance of arteriolar tone. Even in the apparently normal 
chamber arteriolar tone frequently increased with Corti¬ 
sone therapy and this effect was even more striking if 
non-specific inflammatory changes were present prior to 
treatment. 

2) Cortisone appeared to maintain the integrity of vas¬ 
cular endothelium. In each of the reactions studied Cor¬ 
tisone treatment reduced the degree of damage to arteriolar 
and venule endothelium. Sticking of leukocytes to endo¬ 
thelium was diminished and swelling of endothelium was 
suppressed. Endothelium in treated animals tended to 
maintain its normal highly retractile appearance. 

3) As a result of this increased integrity of endothelium 
there was a decrease in diapedesis of leukocytes and a re¬ 
duction in exudate. 

The modification of the inflammatory reaction by Cor¬ 
tisone in tuberculous infection, the focal reaction, and se¬ 
rum sickness was quantitative. If the stimulus was suffi¬ 
ciently intense there was no measurable reduction in the 
reaction. 

Body Water, Water Distribution and Water Kinetics 
as Revealed by the Use of Deuterium Oxide. I. S. 
Edelman and F. D. Moore,* Boston, Mass. 

Following the rapid intravenous injection of D^O, a 
characteristic arterial time-concentration curve is ob¬ 
served. Its early slopes are determined by cell perme¬ 
ability; its “equilibrium” value by total body water, and 
its late slope by water turnover (“biologic decay”) rates. 
This paper deals with an analysis of these three phases of 
the heavy water curve. The pre-equilifarium portion of 
the arterial curve resolves into two rate components in¬ 
dicating two classes of rate—determining boundaries limit¬ 
ing the free diffusion of water in the living organism. In 
vitro dialysis of skeletal muscle containing DjO, and ar¬ 
terial venous DjO curves in the isolated hind limb of the 
cat, support the concept of two types of cell areas (one 
exchanging water with its interstitial fluid environment 
rapidly and the other slowly), accounting for the two 
rates of distribution noted. The zero-time volume of di¬ 
lution, obtained by extrapolation of the curve and the ap¬ 
plication of the isotope dilution principle, is a measure of 
the extra-cellular water. The mean values so obtained 
were 15 per cent of the body weight in humans and 17 per 
cent of the body weight in dogs. Using this tri-cameral 
system for water exchange and from the arterial curves, 
we calculated the internal rates of water exchange and 
the distribution of body water. In toto, the extracellular 
water exchanges with cell water at the rate of 21 per cent/ 
min. in humans and 25 per cent/min. in dogs. 

The derivation of the above data, and the normal hu¬ 
man total body water throughout the life span will be 
described. 

-^Excessive Losses of Sodium, Chloride, and Water After 
Administration of Cortisone or ACTH, Suggesting 
Transient Adrenocortical Insufficiency. Leoxard P. 
Eliel, Olof H. Pearson and Charles D. West, New 
York, N. Y. (Introduced by David A. Kamofsky). 


In a series of patients with lymphoid tumors who had 
received cortisone or adrenocorticotrophic hormone 
(ACTH) for 3 or more weeks, marked asthenia, collapse, 
pyrexia, delirium, and death were observed in several 
instances after withdrawal of cortisone, while asthenia 
was usually noted after stopping ACTH. The sodium 
and chloride balances, and body sodium and water con¬ 
tents were determined in one of these patients, the bal¬ 
ances alone in two others. 

The first patient, after receiving ACTH (100 mg/day) 
for 30 days, lost 2.5 times more sodium and 5 times more 
chloride than were retained during hormone administra¬ 
tion. An ensuing 36 day period of cortisone (100-200 
mg/day) resulted in no significant salt retention, or loss 
on hormone withdrawal. Cortisone was subsequently 
given continuously for 7 months (64-171 mg/day), first 
intramuscularly and later orally. Hormone withdrawal 
then resulted on two occasions in extreme dehydration, 
pyrexia, delirium, a fall in serum sodium, chloride, and 
pH levels, and marked urinary losses of sodium and chlo¬ 
ride. The body sodium content estimated by Na“ dilu¬ 
tion during hormone deprivation showed a reduction to 
34.0 meq/Kg from a value of 51.7 meq/Kg before hor¬ 
mone administration, while the total body water simul¬ 
taneously estimated by antipyrine dilution showed a reduc¬ 
tion of 11 liters. Exhibition of oral cortisone was fol¬ 
lowed by prompt clinical improvement and partial repair 
of the sodium and chloride deficit. 

Large transient losses of sodium and chloride exceeding 
previous retentions by factors of 2 to 4.5 have been ob¬ 
served in two other patients after stopping administration 
of ACTH or cortisone. 

The symptoms and excessive losses of sodium, chloride, 
and water observed in these patients following withdrawal 
of cortisone or ACTH, suggest adrenal cortical insuffi¬ 
ciency which is usually transient but potentially fatal. 

Observations on the Mechanism of the Hyperlipemia in 
the Nephrotic Syndrome. Kendall Emerson, Jr.,* 
Marcel Roche, Stanley S. Kahn, Hugo W. Moser 
and Dalton Jenkins, Boston, Mass. 

In four adolescent and young adult patients with the 
nephrotic syndrome treated with ACTH for 7 to 14 days 
(80-100 mgs. daily in four divided doses) the following 
changes were observed. The initially high R.Q. fell 
transiently in the first 24 hours of treatment, then rose 
well above the initial level, frequently exceeding 1.00, 
reached a peak about the fifth day and tended to fall 
slowly thereafter even while treatment was continued. 
The serum level of phospholipids and either total or ester- 
ified cholesterol or both also rose during the first 5 days 
of ACTH treatment, falling slowly from then until with¬ 
drawal of ACTH and rapidly thereafter in conjunction 
with the diuresis which invariably occurred. The serum 
protein bound iodine rose from very low initial levels to¬ 
ward normal. 

In a series of control patients similarly treated, includ¬ 
ing two normal subjects, two patients with hypothyroid¬ 
ism, one with Cushing's Syndrome and one with idiopathic 
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edema the R.Q. invariably fell during ACTH administra¬ 
tion; no consistent variation occurred in the serum lipid 
levels and, except in the patients with hypothyroidism, the 
serum protein bound iodine level decreased. 

It is concluded that the metabolic orientation of the 
nephrotic patient is in the direction of the conservation of 
fat. To this end his circulating thyroid hormone is de¬ 
creased and adrenal stimulation calls forth a paradoxical 
response, namely increased combustion of carbohydrate 
and increased storage or synthesis of fat. It is suggested 
that this altered response represents a profound metabolic 
adaptation on the part of the liver, possibly analogous to 
the phenomenon of hibernation. Further studies are in 
progress to determine by means of turnover rates 
whether the rise in phospholipids represents increased 
synthesis or decreased utilization. 

The Hemostatic Defect in Thrombocytopenia as Studied 
by the Use of ACTH and Cortisone. William W, 
Faloon, Richard W. Greene and Eugene L. Lozner,* 
Syracuse, N. Y. 

Improvement in hemostasis and vascular resistance de¬ 
spite persistence of thrombocytopenia may follow splenec¬ 
tomy for purpura. Surgical procedures other than splenec¬ 
tomy may result in transient hemostatic improvement. 
Since these observations suggested the presence of hu¬ 
moral factors following stress, the effects of ACTH and 
Cortisone on the hemostatic defect in thrombocytopenia 
were investigated in four patients; two non-splenectomized 
adolescent girls, one man, 58 years old, and one woman, 
66 years old. The man had been splenectomized one year 
previously without remission in thrombocytopenia or vas¬ 
cular fragility. The woman had been splenectomized six 
years previously with temporary remission of thrombo¬ 
cytopenia and subsequent relapse. The hemostatic studies 
included observations on vascular fragility (tourniquet 
test), platelet counts and the coagulation phenomena 
(prothrombin utilization and clot retraction) associated 
with changes in platelets. 

During the administration of ACTH to three patients, 
all showed prompt improvement in vascular fragility. 
In the two girls, platelet counts and associated coagula¬ 
tion findings subsequently became normal. No imrove- 
ment occurred in the thrombocytopenia of the older man. 
In all three patients, discontinuance of ACTH was fol¬ 
lowed within a relatively short time by a return of the 
hemostatic defects. 

One of the ACTH-treated girls subsequently received 
Cortisone orally, with maintenance of normal vascular 
resistance, but with almost complete relapse in thrombo¬ 
cytopenia and associated abnormalities. 

The 66 .year old woman has received only Cortisone. 
Capillary resistance approached normal without change 
in the platelet count or coagulation studies. 

The data suggest that different adrenal hormones may 
be responsible for separate improvement in the vascular 
resistance and the platelet counts of thrombocytopenic pa¬ 
tients. These studies may explain the dissociation between 
vascular fragility and thrombocytopenia which is ob¬ 
served clinically. 


Renal Hemodynamics and Salt and Water Excretion 
During Induced Congestion of the Inferior Vena Cava 
of Man. Saul J. Farber, J. Deaver Alexander and 
Ludwig W. Eiciina,* New York, N. Y. 

Renal venous congestion has been postulated as a causa¬ 
tive factor in the salt and water retention of congestive 
heart failure. In an attempt to evaluate the effect of venous 
congestion on renal hemodynamics and salt and water 
excretion in man, a method was developed whereby a bal¬ 
loon was inflated in the inferior vena cava, above and 
below the entrance of the renal veins. Inferior vena cavaf 
pressures of 160 mm. to 260 mm. saline were produced 
and maintained for 30 minutes. When the congestion in¬ 
cluded the renal veins, the excretion of water, sodium and 
chloride decreased markedly in 17 of 19 non-cardiac sub¬ 
jects. In the 7 subjects so studied, glomerular filtration 
rate and renal plasma flow decreased by approximately 
one-third during the first 20 minutes but began to recover 
during the last 10 minutes of congestion. In contrast, 
water and electrolyte excretions remained reduced or con¬ 
tinued to fall throughout the period of congestion and 
returned to control values only after deflating the balloon. 
Neither the renal hemodynamic nor urinary changes were 
related to the degree of rise in venous pressure. Con¬ 
gestion of the inferior vena cava below the level of the 
renal veins induced rather similar effects; water and elec¬ 
trolyte e-xcretion decreased in 6 of 9 subjects, and, in the 
3 subjects studied, renal hemodynamics changed in the 
same manner as during inflation of the balloon above the 
renal veins. 

Congestion of a sizable segment of the inferior vena 
caval drainage area appears to decrease the excretion of 
water and electrolytes and this reduction becomes prac¬ 
tically invariable when renal congestion is present. Renal 
hemodynamic changes may contribute to the initial de¬ 
crease in water and electrolyte excretion but are not 
necessary for the continuance of the effect. Factors other 
than renal venous congestion are involved in the anti¬ 
diuretic effects observed. 

The Role of the Pituitary Adrenocortical System in the 
Response to Anoxia. Thomas F. Frawley, Marcel 
Roche, Dalton Jenkins and George W. Thorn,* 
Boston, Mass. 

In the present studies an estimate of the amount of en¬ 
dogenously liberated ACTH during a single exposure to 
anoxia has been made and the influence of ACTH and 
cortisone upon the altitude tolerance of normal males has 
been investigated. Anoxia was produced by breathing 
through a closed spirometer system containing atmospheric 
air with all expired CO- being absorbed by soda lime. 
The experiment was terminated when the subject became 
unable to respond to light signals. A comparison between 
the fall in circulating eosinophils caused by anoxia and 
that produced by the injection of a known amount of 
ACTH furnished an approximate estimate of the amount 
of ACTH secreted spontaneously by the human pituitary 
in response to the stress of anoxia. The per cent change 
in circulating eosinophils 4 hours after acute anoxia 
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ranged from 11 per cent to 62 per cent, with an average 
fall of 36 per cent. When compared to the fall obtained 
with ACTH in these same individuals, it appeared that 
under the circumstances of the test the anterior hypo¬ 
physis secretes an amount of ACTH equivalent to slightly 
less than 25 mg. of injected ACTH. 

ACTH in doses of 160 mg. daily over a five-day period 
produced an improvement in anoxia tolerance associated 
with an increased oxygen uptake. In five normal sub¬ 
jects the average initial altitude tolerance measured 28,- 
800 feet, with a range of 23,200 to 32,700 feet. The aver¬ 
age altitude tolerance during the administration of ACTH 
was 30,400 feet, with a range of 28,000 to 34,000 feet. Five 
hundred mg. of cortisone administered orally to two nor¬ 
mal subjects over a 6-hour period preceding the anoxia 
test produced a change in altitude tolerance from 29,575 
to 32,620 feet. Temporary pituitary-adrenocortical un¬ 
responsiveness to anoxia developed following ACTH and 
cortisone. 

Reduction of Blood Pressure in the Normotensive and 
Hypertensive Animal Folloveing Potassium Deprivation. 
Meyer Fwedman,* S. Charles Freed and Ray H. 
Roseman, San Francisco, Calif. 

Recent studies indicate that reduction of blood pressure 
occurs in rats following restriction of potassium in their 
diet (0.01 per cent of total diet). Thus the average blood 
pressure of 33 normotensive rats fell from a control level 
of 103 mm. of Hg (Range: 88 to 128) to 87 mm. of Hg 
(Range; 66 to 116) after 7 weeks of potassium depriva¬ 
tion. Control rats had an initial blood pressure of 106 
mm. of Hg (Range; 94 to 122) which rose to 116 mm. 
of Hg (Range: 102 to 130). 

Similar potassium restriction had a much greater de¬ 
pressor effect on hypertensive rats. Thus the average 
pressure of 13 hypertensive rats fell from 165 mm. of Hg 
(Range: 140 to 200) to 123 mm. of Hg (Range; 100 to 
150) after 7 weeks of potassium deprivation. The blood 
pressure of the control hypertensive rats rose from 153 
mm. of Hg (Range: 140 to 165) to 171 mm. of Hg 
(Range: 140 to 198) during the same period. 

This depressor effect of potassium restriction could be 
prevented by concomitant restriction of sodium (0.04 per 
cent of total diet). However, excessive sodium intake 
(0.70 per cent of diet) did not accentuate the depressor 
effect of potassium restriction. 

Although foci of necrosis could be found in the myo¬ 
cardium of potassium deficient rats, no correlation could 
be established between severity of lesion and degree of 
induced hypotension. However, the pressor response of 
the potassium deficient rat to injections of epinephrine, 
renin, angiotonin and norepinephrine were respectively 
Vi, %, and those of the normal rat. These findings 
suggest that the depressor effect results from a loss of 
peripheral vascular responsiveness. 

Metabolism of Pteroylglatamic Acid and Citrovorum Fac¬ 
tor in Human Scurvy. George J. Gabuzda, Jr., Ger¬ 
ald B. Phillips, Robert F. Schilling and Charles 
S. Davidson,* Boston, Mass. 


The urinary excretion of citrovorum factor (CF) was 
determined microbiologically following pteroylglutamic 
acid (PGA) administered orally to two men with scurvy 
before and during ascorbic acid therapy. 

The patients were fed scorbutic diets. During the first 
three days urinary CF was 0.3 gamma, and 1.0 gamma 
daily, respectively. When 10 mg. of PGA were ad¬ 
ministered daily for six days to one patient, CF excretion 
became 8 to 16 gamma daily. During the next six days 
1 gm. of ascorbic acid was given intramuscularly daily 
to this patient in addition to PGA. Urinary CF was IS 
gamma the first day of ascorbic acid therapy, 30 gamma 
the second day, and ranged from 95 to 126 gamma daily for 
four additional days. 

The second patient’s urinary CF ranged from 9 to 13 
gamma daily when 10 mg. of PGA were given daily for 
three days. One gm. of ascorbic acid was then given orally 
daily for seven days, in addition to PGA. Urinary CF 
was 17 gamma the first day of ascorbic acid therapy and 
increased to 110 gamma by the seventh day, PGA was 
then omitted, but ascorbic acid continued. Urinary CF 
returned promptly to initial levels. After six days PGA 
was given again in addition to ascorbic acid. On the first 
day urinary CF rose to 94 gamma, and averaged 133 
gamma daily during three additional days. 

In vitro measurements indicate that the quantities of 
PGA and of ascorbic acid excreted by these patients do 
not invalidate the microbiological assay of CF. 

Conclusion; A small amount of CF was excreted in 
the scorbutic state and was increased by orally adminis¬ 
tered PGA. However, maximal CF excretion occurred 
only when both PGA and ascorbic acid were given. 
Thus, ascorbic acid facilitated conversion of PGA to citro- 
vorum factor in man. 

Ambient Air Recording Bronchospirometry and Differ¬ 
ential Residual Volume Determination. Edward A. 
Gaensler and David W. Cucell, Boston, Mass. (In¬ 
troduced by Richard A. Bloomfield). 

Conventional recording bronchospirometry requires the 
breathing of high oxygen mixtures. This places the dis¬ 
eased lung at a relative advantage and conclusions from 
its performance under these conditions do not necessarily 
apply to function under room air tensions. Differential 
lung volume determination is not possible because the 
initial concentrations of gases in the lungs are not known. 

To obviate these difficulties a bronchospirometer fitted 
with twin air tight boxes and balloons was used which 
recorded respirations reflected by pressure changes within 
the boxes. One or both lungs could be supplied with 
ambient air or oxygen and the inspiratory gas composi¬ 
tion could be changed instantaneously. 

In normal volunteers oxygen and ambient air broncho¬ 
spirometry resulted in the same relative oxygen uptake 
and ventilatory equivalent. Partially destroyed lungs 
showed up to twice the relative oxygen uptake with high 
oxygen tensions than with ambient air. The functional 
effectiveness of diseased lungs determined by high oxygen 
bronchospirometry is therefore overestimated. 
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Ambient air bronchospirometry was applied to the open 
circuit residual volume method of Darling, Cournand, and 
Richards. It solved one of the problems of this method 
by permitting visualization of the exact place in the re¬ 
spiratory cycle at which both lungs were turned into the 
oxygen circuit. The true functional residual volume was 
calculated after correction from the spirogram of the 
preparatory ambient air breathing period. 

In normal volunteers the functional residual volume 
distribution corresponded closely to distribution of oxygen 
uptake, ventilation, and vital capacity. In a group of 
40 patients with partially destroyed lungs the relative func¬ 
tional residual volume was often many times greater than 
other indices of function. This discrepancy was greatest 
in "imprisoned lungs” of fibrothorax and chronic empyema. 
Pulmonary mixing indices, often normal after combined 
oxygen breathing, showed marked mixing impairment by 
differential alveolar air sampling. 

Observations on Insulin Labeled zvith Radio Iodine. 
Joseph W. Gardella and Joseph W. Ferrebee,* 
Cooperstown, N. Y. 

Bovine insulin several times recrystallized from phos¬ 
phate buffer has been labeled with radio iodine in amounts 
of 10 to 1000 microcuries of 1“ per milligram of insulin, 
the total quantity of 1“’ and 1“' organically hound being 
of the order of two atoms per molecule of insulin. Studies 
of insulin so labeled have revealed ranges within which 
the labeled insulin appears to have unimpaired biologic 
activity as measured by mouse convulsion test or by the 
acceleration of glycogen synthesis in isolated rat dia¬ 
phragms. Physical chemical studies reveal no changes in 
salt precipitability of labeled insulin as compared with na¬ 
tive insulin and no changes in adsorption on cellulose, in¬ 
dicating that the label has not greatly distorted the mole¬ 
cule. From these in vitro and in vivo observations it has 
been concluded that iodine labeled insulin may be used 
within limits to study the mechanism of insulin action and 
insulin metabolism. The pattern of localization of radio¬ 
activity in various organs following the injection of 
labeled insulin will be presented and the effect of pre¬ 
vious administration of native insulin, glucose and other 
factors affecting carbohydrate metabolism will be re¬ 
ported. If time permits and appropriate AEC permis¬ 
sion is granted, blood and urine curves of radioactivity 
following the injection of radio insulin into normal, dia¬ 
betic and insulin-resistant individuals will be presented. 

Cardiac Output in Acute Myocardial Infarction. Robert 
P. Gilbert, Stephen L. Aldrich and Lynn Anderson, 
Chicago, Ill. (Introduced by Richard B. Capps). 

The dye dilution technique for determining cardiac out¬ 
put, as described by Hamilton et al and as modified by 
Ebert et al, for dye collection offers a method which can 
be used at the bedside in sick patients. 

So far three cases of acute myocardial infarction have 
been successfully studied by this technique. Arterial 
pressures have been recorded by a strain gauge manometer 
and venous pressures and circulation times determined by 


conventional methods. Two patients had low outputs and 
somewhat elevated pressures. One patient who had just re¬ 
covered from a period of very low pressure was found to 
have a high output which suggests that his previous drop 
in pressure may have been associated more with a de¬ 
creased total peripheral resistance. Particular attention 
will be paid to patients with low pressures in an effort to 
determine the relative importance of decreases in cardiac 
output and in total peripheral resistance. 

Mechanism of Production of Lung Lesions in Vints 
Pneumonia. PI. S. Ginsberg and F. L. Horsfall, Jr.,* 
New York, N. Y. 

Lung lesions developing during experimental virus 
pneumonia induced with influenza virus or pneumonia 
virus of mice (PVM) increase at a rate much slower 
than the rate of increase in virus concentration. More¬ 
over, high concentrations of Newcastle disease virus 
(NDV) cause extensive lung lesions in the mouse, but no 
multiplication of this virus occurs. The .gross and micro¬ 
scopic pathology of lung lesions caused by influenza, 
PVM, or NDV are indistinguishable. These findings 
indicate that in virus pneumonia factors other than the 
process of virus multiplication damage host cells. 

The lung lesion factor is an integral component of the 
infective NDV particle itself; It is absorbed by and 
eluted from erythrocytes along with the active virus; it 
is not separable from the virus in high gravitational fields; 
and it is inactivated by either heat or ultraviolet irradia¬ 
tion at a rate closely similar to that of the infective virus. 

Lung lesions caused by high concentrations of NDV 
develop at a rate similar to that found with influenza 
virus. Production of pneumonia by NDV is formally 
analogous to a virus infection: lung cell-virus combina¬ 
tion fs prevented by treatment of the living lung with 
receptor destroying enzyme (RDE), and in such treated 
lungs NDV does not cause lesions; NDV immune serum 
specifically prevents lung lesion production when given 
before or with virus but has no effect when given 30 
minutes after; and prior multiplication of unadapted in¬ 
fluenza virus in the lung completely inhibits lung lesion 
production with NDV. 

These results support the following postulate; When a 
sufficiently high concentration of infectious virus is at¬ 
tained, either by multiplication or direct inoculation, cellu¬ 
lar damage is caused. Lung lesions in virus pneumonia 
then are in large part attributable to the cytotoxic effects 
of the virus particle per se. 

^he Effect of Cortisone on Acute Bacterial Infections. 
Robert J. Glaser, John W. Berry, Lenore H. Loeb 
and W. Barry Wood, Jr.,* St. Louis, Mo. 

Cortisone and ACTH are known to depress a variety 
of inflammatory states, both in patients and experimental 
animals. Dramatic defervescence and subsidence of symp¬ 
toms have resulted from their use in pneumococcal pnei^ 
monia, in spite of bacteriological evidence of continue 
infection. The experiments here reported have been e 
signed to study the effect of Cortisone upon the course o 
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acute bacterial infections and particularly upon the cellu¬ 
lar response of the host. 

Streptococcal and pneumococcal pneumonia were pro¬ 
duced in rats by intrabronchial inoculation. Half of the 
animals were treated with Cortisone beginning five days 
before infection, while the other half served as untreated 
controls. The mortality rate for each group was deter¬ 
mined, and a systematic histologic study was made of 
the infected lungs. Similar studies were made in mice 
with streptococcal cervical adenitis produced by intra- 
nasal inoculation. 

The survival rates in all experiments were less favorable 
among the animals treated with Cortisone. The host 
response to the infectious stimulus was strikingly altered. 
The lesions in the Cortisone treated animals contained 
excessive amounts of relatively acellular edema fluid in 
which there were many more bacteria than were ever seen 
in analogous lesions from control animals. The sparsity 
of cells in the edema fluid and the extraordinarily large 
bacterial population appeared to be related to a delay in 
the diapedesis of leucocytes. Cortisone per se was shown 
to exert no growth-stimulating effect upon the bacteria, 
nor did it influence significantly the phagocytic activities 
of the leucocytes which eventually appeared in the lesion. 

Further studies are in progress relating to the mecha¬ 
nism whereby Cortisone depresses the process of cellular 
exudation, which in the case of acute bacterial infections 
constitutes one of the principal defenses of the host. 

Dynamics of Eisenmenger’s Complex. H. Goldbeeo, 
E. N. SiLBER and A. Gordon, Chicago, Ill. (Introduced 
by L. N. Katz). 

The patho-physiology underlying many of the mani¬ 
festations of Eisenmenger’s Complex has remained ob¬ 
scure. Chief among these is the delayed onset of cyanosis 
which is claimed to result from some congenital abnor¬ 
mality of the pulmonary epithelium or capillaries. A 
case of Eisenmenger's complex studied by cardiac cathe¬ 
terization is presented in which, in addition to the usual 
features, anomalous pulmonary venous drainage into the 
right auricle was demonstrated by entrance of the cathe¬ 
ter into one of these veins. This afforded the opportunity 
to measure directly the total vascular resistance to blood 
flowing through the lungs and to determine whether or 
not a pulmonary factor for the production of cyanosis 
exists in this condition. 

The pulmonary venous pressure and pulmonary blood 
flow were normal. It is concluded that the elevated pul- 
monary arterial pressure is due to an increased resistance 
resulting from a narrowing of the peripheral pulmonary 
vascular bed. This narrowing may be due to functional 
as well as organic changes. Although hypoxemia plays 
a role, it cannot account for all of the increased vascular 
resistance. Organic changes affecting the medial and 
intimal layers of the muscular arteries of tlie lung play 
a major role. The intimal changes are progressive and 
appear to be secondary to the pulmonary hypertension. 

Blood obtained from the pulmonary vein was fully 
saturated. This indicates that the peripheral unsaturg- 


tion is due solely to veno-arterial shunting of blood. This 
eliminates the presence of a pulmonary factor as a cause 
for the cyanosis in Eisenmenger’s Complex. 

The principles of surgical correction of this disease 
are discussed and may be summarized as follows: 

1. A reduction of the pulmonary artery pressure. 

2. Alleviation of the strain upon the right ventricle. 

3. Return of the peripheral arterial saturation toward 
normal. Correction of the overriding aorta with elimina¬ 
tion of the ventricular septal defect would accomplish 
these objectives. 

Nor-epinephrine and Epinephrine in Human Urine (Ad¬ 
dison's Disease, Essential Hypertension, Pheochromo- 

cyloma). Marcel Goldenberg and Maurice M. Rap¬ 
port, New York, N. Y. (Introduced by Robert F. 

Loeb). 

The inactivation mechanisms and the metabolic fate 
of epinephrine and nor-epinephrine are not established. 
Ingested epinephrine is partly excreted in the urine as a 
sulfate ester (Richter). Normal human urine contains a 
mixture of catechol-amines (epinephrine, nor-epinephrine 
and perhaps hydroxytyramine) (Holtz). This mixture is 
roughly composed of 85-90 per cent nor-epinephrine and 
approximates the composition of the sympathetic trans¬ 
mitter rather than that of the adrenal medullary hormone 
(70-90 per cent epinephrine). The normal daily excre¬ 
tion ranges from 15-45 micrograms nor-epinephrine in 24 
hours (von Euler). 

In an attempt to establish the source of these urinary 
catechol-amines, 7 cases of Addison’s disease maintained 
on salt, Doca and cortisone were investigated. Of these, 

5 were due to atrophy, in which case the adrenal medulla 
may have been preserved. Four of these showed a normal 
excretion, one a sub-normal value. Two cases of tubercu¬ 
losis of the adrenal glands showing extensive calcification 
of both adrenals (in which it can be safely assumed that 
there is no remaining functioning medulla), showed an ex¬ 
cretion of nor-epinephrine which was high normal in one 
case and far above normal in the other (maintained on 
cortisone). It therefore can be assumed that the adrenal 
medulla is not the principal source of the catechol-amines 
excreted in the urine. Since extra-adrenal chromaffin 
tissue is known to regress completely after fetal life ex¬ 
cept for small cell clusters in the sympathetic ganglia, the 
source must rather be the sympathetic or some other 
tissue. Three cases of extensive lumbo-dorsal sympathec¬ 
tomy showed the lowest observed sub-normal values. 
These findings are compatible with Cannon’s "emergency” 
theory of adrenal medullary function which states that 
the resting secretion of the adrenal medulla is negligible. 

The recent claim (Holtz) that an excessive excretion 
of nor-epinephrine occurs consistently in essential hyper¬ 
tension was not confirmed. Out of 14 cases only 2 
showed an excretion above normal. 

Finally, 2 cases of pheochromocytoma were investigated 
and found to excrete quantities of epinephrine and nor¬ 
epinephrine far in excess of the values obtained in nor¬ 
mals and h>'pertensives (confirming Engel and von Euler). 
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In one of these cases the daily excretion amounted to 
1600 micrograms of epinephrine and 400 micrograms of 
nor-epinephrine. Both cases showed the clinical charac¬ 
teristics of pheochromocytoma with persistent hyperten¬ 
sion and repeatedly gave positive benzodioxane tests. 
Whether the urinary excretion is increased in the “non- 
humoral” phase of persistent hypertension due to pheo¬ 
chromocytoma, which poses the major diagnostic prob¬ 
lem, is under investigation. 

Studies in Diurnal Variation of Water and Electrolytes: 
Nocturnal Diuresis of Water and Sodium in Congestive 
Cardiac Failure, Cirrhosis of the Liver and Degenera¬ 
tive Glomerulonephritis. Ralph Goldman, Los An¬ 
geles, Calif. (Introduced by Samuel H, Bassett). 

The mechanism of sodium retention in edema-forming 
diseases has been the subject of much study and contro¬ 
versy. Two concepts dominate. The first theory is that 
sodium is reabsorbed at a fixed rate from the filtrate, and 
that the amount of sodium in the urine is related to the 
rate of glomerular filtration. The other theory is that the 
filtered sodium is subject to variable tubular reabsorption. 
Data obtained by others and ourselves indicate that in 
congestive cardiac failure there is often a nocturnal diure¬ 
sis of sodium as well as water. This has been explained 
by a nocturnal increase in the glomerular filtration rate 
resulting from a decreased peripheral demand for blood 
during the resting state. Examination of the diurnal ex¬ 
cretory cycle in thirteen patients with cirrhosis of the 
liver and ascites revealed that ten had a clear-cut nocturnal 
diuresis of water and sodium. A similar study of five 
patients with degenerative glomerulonephritis revealed 
that two of these patients also demonstrated a nocturnal 
sodium diuresis. The potassium excretion in two-thirds 
of these patients showed a daytime maximum, although 
the curves were moderately flattened. While it is possible 
to conceive of renal hemodynamics as the chief factor in¬ 
fluencing nocturnal diuresis in congestive cardiac failure, 
there is no data to suggest that the nocturnal diuresis seen 
in cirrhosis of the liver and glomerulonephritis has the 
same cause. With the available data, it appears more 
probable that in these conditions, and perhaps in cardiac 
failure as well, the regulation of sodium reabsorption de¬ 
pends upon variations in tubular metabolism controlled by 
a humoral agent which can be affected by the functional 
state of the liver. Data will be presented. 

The Effect of Mild Diabetes and Insulin on Heart Muscle 

Metabolism in Man. Walter T. Goodale, Robert E. 

Olson and Donald B. Hackel, Boston, Mass. (In¬ 
troduced by James P. O’Hare). 

Studies on normal individuals by coronary venous 
catheterization have shown consistent patterns of extrac¬ 
tion, and presumed utilization, of glucose, lactate and py¬ 
ruvate by the myocardium. The coronary arteriovenous 
difference of each metabolite was related directly and 
linearly to its own arterial level, in both man and dogs. 
No significant myocardial glucose utilization occurred, 
however, below a mean arterial glucose level of 60 ± 10 


mg. per cent, while lactate and pyruvate utilization was 
detectable down to arterial levels of 2.5 and 0.5 re¬ 
spectively. At average non-fasting arterial glucose, lac¬ 
tate and pyruvate levels of 103, 7.5 and 1.3, average 
coronary arteriovenous differences were 10.7, 2.7 and 0.4, 
and the myocardial RQ (MRQ), 0.86 — 0.93. At low 
fasting arterial levels, glucose, lactate and pyruvate ex¬ 
tractions were correspondingly small or negligible, and 
MRQ near 0.7. 

Five patients with minimal asymptomatic diabetes 
showed negligible myocardial glucose extraction de¬ 
spite fasting glucose levels of 95 — 216, with greatly re¬ 
duced lactate and pyruvate utilization and an MRQ of 
0.67 — 0.71. Insulin restored lactate and pyruvate utili¬ 
zation to normal, and initially raised the diabetic MRQ 
to 1.1 — 1.2, accompanied by very high coronary A-V 
glucose differences up to 29 mg. per cent as the arterial 
glucose level began to fall. Far more glucose was ex¬ 
tracted than was needed theoretically as substrate for the 
simultaneous oxygen extraction, suggesting a partially 
anabolic non-o.xidative utilization of glucose under the in¬ 
fluence of insulin. With further fall in glucose level to¬ 
ward normal following insulin, the glucose, lactate and 
pyruvate utilizations and MRQ approached values seen 
in normal non-fasting individuals. These results sug¬ 
gest that insulin may promote phosphorylation of not 
only glucose but also other substrates such as pyruvate, 
and demonstrate an abnormal pattern of heart muscle 
metabolism in even minimal diabetes. 

The Effects of Quiet Standing on Soluble Diuresis, 
A. V. N. Goodyer and D. W. Seldin, New Haven, 
Conn. (Introduced by F. G. Blake). 

The sharply decreased excretion of sodium during quiet 
standing is due at least in part to a potent stimulus or 
the increased tubular reabsorption of sodium and is usua y 
not prevented by the administration of hypertonic 
It was of interest to investigate the extent to w ic 
this stimulus might interfere with the augmented excre 
tion of sodium promoted by the administration of 
nitol, or of sodium salts of acids, the anions of wiic 
must be rapidly excreted. , . 

The experiments were performed in normal a u s, 
most of whom had been deprived of water for 1 onr 
or more. After several preliminary periods in the supine 
position, each subject stood up and, 10-lS minutes a 
an isotonic or hypertonic solution of mannitol, so lu 
bicarbonate or sodium phosphate was administere . 

It was found that quiet standing limited ^ 
usual augmentation of sodium excretion caused y 
nitol diuresis. In several cases, the excretion o so lu 
actually decreased in the face of a concomitant 
diuresis. However, the usual relationship 
solute excretion and urine flow during water res ric 
was disturbed on only one occasion. ^ 

Quiet standing did not limit the usual increase m 
excretion produced by the administration of so lum 

phate or sodium bicarbonate. •ments 

Measurements of GFR and RPF in some experi 
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indicated that the changes in sodium excretion were pri¬ 
marily of tubular origin. 

It is concluded that; 1) the rate of sodium excretion 
in mannitol diuresis is not strictly related to the quantity 
of mannitol in the tubular urine; it may be conditioned 
greatly by internal environmental factors affecting the 
renal tubular reabsorption of sodium; 2) the tubular re¬ 
jection of sodium which attends the excretion of bicar¬ 
bonate and phosphate takes precedence over the usual 
retention of sodium produced by quiet standing. 

Circulatory Changes in Mitral Stenosis Following Valvu¬ 
loplasty. Richard Gorlin', Lewis Dexter,* and 
Dwight E. Harken, Boston, Mass. 

Eleven patients with mitral stenosis were studied before 
and 2 to 6 weeks after mitral valvuloplasty by the tech¬ 
nique of cardiac catheterization. Cardiac outputs were 
measured by the direct Pick method. Pressures were re¬ 
corded in the pulmonary "capillaries,” pulmonary artery, 
and right heart with electromanometers. Ikfitral valve 
orifice areas were calculated from a hydraulic formula de¬ 
scribed previously. Mitral regurgitation was detected 
from the pulmonary “capillary” pressure pulse. Pulmo¬ 
nary resistances were calculated from standard formulae. 
The mitral valve orifice was significantly widened in 10 
of 11 patients. In only one instance was mitral regurgi¬ 
tation produced at operation. In three others with regurgi¬ 
tation preoperatively, no increase occurred with valvu¬ 
loplasty. Pulmonary “capillary” pressure decreased in 9, 
while cardiac output remained essentially unchanged in 9 
and increased in 2. Pulmonary arteriolar resistance de¬ 
creased in S of the 9 patients in whom it was elevated. 
Right ventricular diastolic filling pressure fell towards 
normal in 4 of 6 patients in whom it was elevated. Total 
pulmonary resistance, a measure of right ventricular load, 
decreased in 8. It is concluded that valvuloplasty effec¬ 
tively widened the mitral stenotic orifice without the pro¬ 
duction of regurgitation. Although the widened area was 
only 20-50 per cent of the normal of 4-6 cm.’, this was 
sufficient to produce definite hemodynamic improvement 
because the reserve capacity of the mitral valve is approxi¬ 
mately 80 per cent. If stenosis was severe, prior mitral 
regurgitation did not militate against successful valvu¬ 
loplasty. Following operation, pulmonary congestion and 
pulmonary arteriolar resistance tended to decrease and 
right ventricular function to improve. These physiologic 
alterations have been attended by dramatic improvement 
in the clinical state of most of these patients. Long-term 
follow-up is desirable, although few such studies have been 
carried out to date. 

The Specificity of the Relation Between Attitudes and 

Diseases. William J. Grace and David T. Grahah, 

New York, N. Y. (Introduced by David P. Barr). 

One hundred twenty-seven patients with one or mote 
of 12 different bodily disturbances were interviewed to 
determine whether a specific attitude was associated with 
each symptom. When the life situation to which the pa¬ 
tient was reacting had been clearly defined, he was asked 
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to give a clear and ambiguous statement as to, a) how 
he saw himself in the situation, and b) what he wished 
to do about it at the time of the occurrence of the symp¬ 
toms. These two components define the attitude. Con¬ 
ventional names of emotions, e.g. “anger” were not ac¬ 
cepted. Only direct statements of patients, without ref¬ 
erence to dream or associative material, were used in the 
study. 

It was found that there was a specific attitude associ¬ 
ated with each of the folowing symptoms; 1) Urticaria 
occurred in patients who felt they were being mistreated 
and were helpless. 2) Eczema occurred when the indi¬ 
vidual felt he was being interfered with or prevented 
from doing something and could do nothing about it. 3) 
Cold moist hands were noted in individuals who wanted 
to undertake some kind of activity. 4) Vasomotor rhini¬ 
tis and asthma occurred in those who did not want to 
have anything to do with their problems. 5) Diarrhea 
occurred in persons who were wishing to get rid of their 
problems. 6) Constipation occurred in those who were 
grimly determined to go on in the face of difficulties. 7) 
Nausea and vomiting occurred when an individual was 
thinking of something which he wished had never hap¬ 
pened. 8) Duodenal ulcer occurred in those who were 
seeking revenge. 9) Migraine headache occurred in an 
individual after he had been making an intense effort. 
10) Arterial hypertension occurred in individuals who 
felt that they had to be prepared to meet all possible 
threats. 11) Low back pain occurred in those who wished 
to carry out some action involving the whole body, such 
as running away. 

Many of these symptoms seem to be biologically ap¬ 
propriate to the attitude they accompany. 

Evidence for an Adrenal Phase of Gastric Secretion. 

Seymour J. Gray, Robert W. Reifenstein, Howard 

M. Spiro and John A. Benson, Jr, Boston, Mass. 

(Introduced by Marshall N. Fulton). 

ACTH administered to experimental subjects in doses 
of 80 to 120 mgmi. daily for 10-21 days produced an im¬ 
mediate and marked increase in the 24-hour urinary ex¬ 
cretion of uropepsin and a significant rise in gastric juice 
pepsin within 7-14 days. A concomitant increase in gas¬ 
tric acidity was also observed on fasting serial aspirations 
and in the 12-hour nocturnal secretion. Both the concen¬ 
tration and total amount of hydrochloric acid, pepsin, and 
uropepsin were increased. An identical rise in uropepsin 
excretion was observed following the administration of 
cortisone orally or intramuscularly. 

The administration of ACTH to a patient with a gastric 
ulcer resulted in a severe e.xacerbation of epigastric pain 
associated with marked epigastric tenderness, definite evi¬ 
dence of peritoneal irritation, localized protective muscle 
spasm, and guaiac-positive stools. The 24-hour excre¬ 
tion of uropepsin increased from 4900 to 9300 units during 
the 10 days of ACTH administration and was accompanied 
by a significant rise in gastric pepsin and acid secretion. 

The increase in uropepsin, gastric pepsin, and gastric 
acidity (expressed as total mgm. of free HCl) approxi¬ 
mated 100 to 400 per cent following ACTH administration. 
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A similar rise in the uropepsin excretion was observed 
following repeated injections of 0.6 mgm. epinephrine at 
6-hour intervals for 4 days. This was associated with a 
significant fall in the level of circulating eosinophiles in¬ 
dicating a definite uropepsin response to adrenal stimula¬ 
tion. 

The relation of this adrenal phase of gastric secretion to 
stress and the pathogenesis of peptic ulcer will be dis¬ 
cussed. 

Studies of Prevention of Some of the Toxic Effects of 
Prolonged Cortisone and ACTH Therapy. L. Green- 
man, T. S. Danowski,* R. Tarail, J. H. Peters, F. 
Weigand and F. Mateer, Pittsburgh, Pa. 

Electrolyte and nitrogen excretion in stools during a 
whole milk regimen administered to hospitalized patients 
has been compared with the output during a sodium-free 
milk diet. Carbohydrate and electrolyte-free milk protein 
were added to provide adequate calories and nitrogen. 
On the markedly restricted intake of sodium a) the daily 
excretion of potassium, b) the potassium in 100 grams 
of formed stool and c) the stool output of potassium in re¬ 
lation to nitrogen all fell significantly (“p” for the “t*’ 
test was less than O.OS upon comparison of the above 
findings with those observed during maintenance on a 
whole milk formula). The sodium and the nitrogen out¬ 
put were not detectably altered while a statistically sig¬ 
nificant, though from the point of view of magnitude small, 
drop in chloride output was observed in the per 100 grams 
of stool and per gram of nitrogen categories. The pres¬ 
ence of larger amounts of potassium in the low sodium 
milk together with the more complete absorption of potas¬ 
sium from this source provides the organism with 20 
milliequivalents of potassium per day in excess of that 
obtainable from a comparable whole milk formula. The 
attributes of such low sodium milk formulae have been 
employed for the complete prevention of edema, mainte¬ 
nance of positive balances of potassium and of nitrogen, 
and deferral, minimization or prevention of hypokalemia, 
hypochloremia and alkalosis in a large series of patients 
receiving cortisone or ACTH for as long as 68 days. 

The Results of Feeding Desiccated Thyroid to Thyrotoxic 
Subjects. Monte A. Greer, Boston, Mass. (Intro¬ 
duced by Raymond D. Adams). 


ments being made at approximately weekly intervals. 
Thorough clinical evaluation, including pulse, weight, and 
I“‘ uptake, was made at each visit in every patient. In 
suitable patients the BMR and serum protein-bound iodine 
were also determined. It was found that a gradual sup¬ 
pression of the accumulation of I”‘ by the thyroid was 
produced, but that in no instance was this complete, never 
being less than 18 per cent/24 hours even when the pa¬ 
tient was taking twelve grains of thyroid daily. The 
pulse, weight, BMR, and FBI, however, remained con¬ 
stant during the entire period of observation. 

In one patient the 24-hour uptake of I“‘ was reduced 
from 84 per cent to 33 per cent by the ingestion of nine 
grains of thyroid daily. Six weeks following the cessation 
of therapy the I”‘ uptake was still at this low level and the 
patient was found to be accumulating F” in the thyroid 
at a rate equivalent to only 0.4 grains of thyroid per day. 

Since the I‘“ uptakes of 48 euthyroid subjects and 18 
with simple goiter were all found to be suppressed below 
15 per cent/24 hours by the administration of twelve 
grains or less of thyroid daily, it is suggested that the 
administration of twelve grains of thyroid daily for a 
period of two weeks may help to differentiate equivocal 
cases of hyperthyroidism. 

^Lack of Analgesic Effect of Cortisone and ACTH. 

Albert W. Grokoest, deGuise Vaillancourt, Robert 

Gottsegen and Charles Ragan,* New York. N. Y.' 

It has been suggested that the beneficial effects of corti¬ 
sone and ACTH on diseases such as rheumatoid arthritis 
are in part due to an analgesic effect of these hormones. 
A systematic evaluation of cutaneous, dental and visceral 
pain has been undertaken in patients with rheumatoid ar¬ 
thritis, before and during the administration of cortisone 
and ACTH. Cutaneous pain was tested by intradermal 
injections of saline and distilled water; tooth sensitivity 
by electrical stimulation and visceral pain by distention 
of a balloon placed in the duodenum. The pain threshold 
and intensity were similar before and during the adminis¬ 
tration of the hormones and no true analgesia could be 
detected. It is proposed that the beneficial effects of 
hormone administration in rheumatoid arthritis and simi¬ 
lar diseases evolve from a suppression of the inflammatory 
reaction in the host and not from a central or peripheral 
“analgesic” effect which cannot be demonstrated. 


It has been observed that exogenous thyroid hormone 
in amounts of one to three grains daily will markedly 
suppress endogenous thyroid activity of normal human 
subjects, as measured by the accumulation of I“\ The 
BMR and FBI (serum protein-bound iodine) remain con¬ 
stant during such procedures and it has been assumed 
that this decrease in thyroid function has been brought 
about through suppression of pituitary thyrotrophin 
secretion. 

It was therefore considered of interest to determine the 
effect of feeding thyroid hormone to thyrotoxic subjects. 
Following control determinations in sixteen untreated 
thyrotoxic patients, daily doses of desiccated thyroid were 
given, gradually increasing to twelve grains daily, incre- 


A Study of the Hemodynamic and Pathological Changes 
Induced by Bilateral Nephrectomy and Ligation of the 
Ureters of Dogs Maintained for Prolonged Periods by 
Means of Intermittent Peritoneal Lavage. Arthur 
Grollman, Louis B. Turner and E. E. Muirhead, 
Dallas, Texas (Introduced by Carl A. Moyer). 

The elucidation of the role of the kidney, apart from its 
excretory function, in the animal economy has hitherto 
been rendered difficult because of the impossibility of 
maintaining the nephrectomized animal alive for ex¬ 
tended periods. A procedure for intermittent peritonea 
lavage has been devised which has permitted maintaining 
dogs alive in good condition for periods of months fol- 
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lowing bilateral nephrectomy, ligation of tlie ureters, or 
implantation of the ureters into the gut or vena cava. 
Following nephrectomy, the blood pressure gradually 
reaches hypertensive levels in the course of 1 to 2 weeks 
and remains so during the remaining life of the animal. 
The cardiac output, blood volume and venous pressure 
remain essentially unaltered, but there is an increase in 
peripheral resistance similar to that observed in hyperten¬ 
sive disease. Examination of the tissues of such animals 
reveals the acute lesions similar to those observed in the 
human dying of malignant hypertension. In animals 
maintained for a month or longer, the chronic lesions 
characteristic of those observed in the arterioles, myo¬ 
cardium and smooth muscle of the so-called benign form 
of hypertension in tlie human are observed. Animals re¬ 
taining intact renal tissue (as when the ureters are li¬ 
gated) and treated similarly develop neither hypertension 
nor these lesions. The results of these studies have an 
obvious bearing on the pathogenesis of hypertensive 
cardiovascular disease and indicate the role of the kidney 
in the maintenance of tlie normotensive state. 

The method of intermittent peritoneal lavage offers a 
means of investigating other problems associated with 
renal function. It has been possible, for example, to 
* differentiate the role of azotemia, the rise in blood pres¬ 
sure. etc. in the causation of the acute arteriolar necrosis 
observed in so-called malignant hypertension. The method 
as elaborated by the present study has also been applied 
successfully to the human. 

Deferminalioii of Cardiac Output in Man by the Pick 
Principle vnthout Gas Analysis. J. Grossman and R. 
E. Weston, New York, N. Y, (Introduced by Louis 
Letter). 

The usual method for measuring cardiac output by the 
Fick principle requires blood and air gas analyses with 
special laboratory equipment and procedures. However, 
cardiac output could be determined by cardiac catheteriza¬ 
tion without gas analysis by using any substance which 
is either added to or removed from the blood at an ac¬ 
curately measurable rate, if it were possible to produce 
an adequate difference between arterial and mixed venous 
blood concentrations of that substance. Unfortunately, 
the mixed venous (right ventricular) and arterial con¬ 
centrations of substances added to or removed from only 
the greater circulation are identical. With a double lu¬ 
men catheter, however, a measurable arterial-mixed ve¬ 
nous concentration difference can be produced by injecting 
the test substance through the distal lumen, placed in the 
pulmonary artery. Mixed venous blood samples, then, 
can be obtained from the pro.ximal lumen which opens 
into the right ventricle. 

A number of potential test substances may be employed 
in this method. In these preliminary studies, sodium 
para-aminohippurate (PAH) was selected because of its 
virtually complete renal extraction, the large renal blood 
flow, the consequent high arterio-venous difference, and 
the ease of chemical determination of PAH in Wood and 
urine. 


It will be demonstrated that cardiac output may be cal¬ 
culated either as 


UVpAH 


C.O. = 


ApAaVpAH 

1 — Hct. 


or C.O. = 


CpAH 

_ 

Apah 
— Hct. 


where Apab and Vpah are arterial and mixed venous 
plasma concentrations of PAH, respectively, UVpab and 
epAB are the urinary excretion rate and renal clearance of 
PAH, respectively, and Hct. is the hematocrit. 

Data on cardiac outputs concurrently measured in pa¬ 
tients by the oxygen and PAH methods will be presented 
and discussed. 


Central Nervous System Sequelae as Shown by Post- 
Recovery Electroencephalograms in Rickettsial Spotted 
Pever. George T. Harrell,* Richard L. Masland 
and Marvin J. Rosenblum, Winston-Salem, N. C, 

Symptoms of encephalitis have been observed for many 
years in patients with rickettsial diseases. In patients 
dying during the acute phase of the disease pathologic 
sections often show either the acute microinfarct with 
arterial thrombosis and necrosis or the more chronic 
granulomatous “typhus nodule." Little information has 
been previously available on the residual damage to the 
central nervous system resulting from these infections. 

Fifty-eight patients with rickettsial infections have been 
successfully treated in our clinic. Forty-three of these 
patients have been followed for periods varying from two 
months to eight years after the acute infection. At the 
time of re-evaluation a neurological examination and an 
electroencephalogram have been performed. The age of 
the patient and the type of treatment, whether supportive 
or specific, has been correlated with residual objective 
changes. 

Even though these patients may be asymptomatic at the 
time of follow-up, abnormal electrical activity of focal, 
generalized or borderline character may be detected in 
electroencephalograms. Neurological findings are vari¬ 
able; in most patients the findings are normal, but in 
others bodily asymmetry, reflex changes, often involving 
the pyramidal system, or impairment of fine motion are 
noted. Four children have developed a convulsive dis¬ 
order. The remaining children may be more easily dis¬ 
turbed emotionally, even though the electroencephalo¬ 
grams are normal. Some of the adults complain of im¬ 
paired general health without specific localization of 
symptoms. 

Many other types of infection may be accompanied by 
minor neurologic abnormalities during the acute febrile 
phase. Other disease processes, whether or not accom¬ 
panied by high fever, show vascular changes pathologically 
which resemble in some aspects those of rickettsial dis¬ 
eases. Diffuse brain damage as a sequela of acute in¬ 
fection in diseases where tlie etiologic agent does not 
specifically parasitize nerve cells may be a more general 
phenomenon than is now recognized. 
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Demonstration oj a Thrombocytopenic Factor in the Blood 
of Patients with Idiopathic Thrombocytopenic Purpura. 
William J. Harrington, J. William Hollings¬ 
worth, Virginia Minnicii and Carl V. Moore,* St. 
Louis, Mo. 

The existence of a circulating thrombocytopenic factor 
has been demonstrated in six patients with idiopathic 
thrombocytopenic purpura. Three had developed throm¬ 
bocytopenia acutely, one had chronic thrombocytopenia 
for at least three years and in two the disease had recurred 
after splenectomy. 

The thrombocytopenic factor was demonstrated by 
transfusing 250 to 500 cc. of citrated whole blood or 100- 
300 cc. of citrated plasma from these patients into normal 
subjects or into patients with incurable disease. When 
the larger amounts of whole blood or plasma were given 
intravenously, the platelet level fell in the recipients 
within 30 minutes and frequently was less than 10,000 per 
cu. mm. at the end of one to two hours. In the more 
severe reactions purpura resulted. Thrombocytopenia 
persisted for four to six days, during which time mega¬ 
karyocytes showed characteristics of immaturity. 

ACTH, given to one recipient, did not prevent the 
effects from occurring. That the spleen is not required 
for the action of the thrombocytopenic factor, was demon¬ 
strated by the fall which occurred in one recipient whose 
spleen had been removed at the time of gastric resection 
for carcinoma of the stomach. However, blood obtained 
from one of the patients both three and ten days after 
splenectomy, at which times her platelet counts were 
1,000,000 per cu. mm., caused a moderate platelet decrease 
in a normal subject. 

The thrombocytopenic factor was stable for at least 
eight to ten days at — 5°, 5°, and 26°C. It has been 
found in the plasma of all patients with idiopathic throm¬ 
bocytopenic purpura studied to date and has not been 
demonstrated in the blood of control subjects. 

Attempts are currently being made to determine whether 
platelet lysis or agglutination is responsible for the plate¬ 
let disappearance. 

The Enzymatic Nature of the Factor in Normal Serum 
Which Hemolyses the Erythrocytes of Paroxysmal 
Nocturnal Hemoglobinuria. J. W. Harris, W. S. Jor¬ 
dan, L. PiLLEMER and J. F. Desforges, Boston, Mass. 
(Introduced by Thomas Hale Ham). 

The erythrocytes in paroxysmal nocturnal hemoglobi¬ 
nuria are hemolysed by a thermolabile factor in normal 
serum most active at pH 6.5. This activity (PNH hemo¬ 
lysis) has been ascribed to both complement and ac- 
globulin. 

Serum dialysed against isotonic sodium chloride, C.P., 
retained both complement and ac-globulin activity; PNH 
hemolysis was lost but was restored by adding magnesium. 
Complement activity was slightly augmented by either 
magnesium or calcium; ac-globulin activity was unchanged 
or diminished by magnesium. 

Serum treated with barium sulfate and then dialysed 
showed PNH hemolysis on addition of magnesium; ac- 


globulin activity was diminished varying with the amount 
of barium sulfate used. A trace of PNH hemolysis pres¬ 
ent in a purified plasma ac-globulin preparation was not 
significantly altered when ac-globulin activity was (1) 
increased on conversion to serum ac-globulin; (2) varied 
by adjusting its concentration to less than, equal to, or 
greater than that in normal human serum. 

Serum fractions prepared by ammonium sulfate or alco¬ 
hol precipitation lacked PNPI hemolysis. Removal of any 
component of complement was accompanied by loss of 
PNH hemolysis. After addition of magnesium, full 
PNPI hemolysis was found in the supernatant obtained 
by dialysis of serum against distilled water or 0.02 M 
salt at pPI 7.3; the precipitate formed on dialysis may 
contain an inhibitor. PNH hemolysis is inhibited by 
heated human serum. 

Incubation of normal and PNH stroma with dialysed 
serum liberated nitrogen from only the PNH stroma and 
only in the presence of magnesium at pH 6.5, suggesting 
the selective action of a proteinase on the abnormal PNH 
stroma. 

The serum factor which hemolyses PNH erythrocytes 
thus resembles a metal requiring enzyme which (i) differs 
from hemolytic human complement by its dependence on 
magnesium and inhibition by calcium; (2) is not related 
to ac-globulin activity. 

Disturbances of Concentrations of Intracellular and Ex¬ 
tracellular Electrolytes in Patients with Tuberculous 
Meningitis. Harold E. Harrison,* Laurence Fin- 
berg and Evelyn Fleishman, Baltimore, Md. 

Hyponatremia and hypochloremia are consistently found 
in patients with tuberculous meningitis. The sodium and 
chloride deficit cannot be explained by inadequate intake 
of sodium chloride nor by losses in vomitus, and the con¬ 
centrations of these ions in the urine may be high despite 
the reduced levels in the serum. Similar findings have 
been reported in occasional patients with pulmonary 
tuberculosis. 

Analyses of the red blood cells of subjects with tu¬ 
berculous meningitis reveal an increase in red cell sodium 
with no significant change in cell potassium. The total 
concentration of univalent cations in red cell water is in¬ 
creased despite the decrease of total univalent cations in 
serum water. When remission of tuberculous meningitis 
results from streptomycin therapy the red cell and serum 
electrolytes return to normal and the normal ratio be¬ 
tween cell and serum cations is reestablished. 

Analyses of biopsy samples of skeletal muscle from pa¬ 
tients with tuberculous meningitis show a reduction of 
muscle potassium and an increase of muscle sodium. 
Similar potassium deficiency and sodium excess are found 
in skeletal muscle obtained postmortem from subjects dy¬ 
ing of tuberculous meningitis. 

It is suggested that tuberculous infection causes an ac¬ 
cumulation of sodium in cells by interference with the 
cellular mechanisms necessary for active removal of so¬ 
dium from cells. Some of the intracellular cation, pre¬ 
sumably the retained sodium, must be combined in an 
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undissociated form since intracellular fluid is in osniotii: 
equilibrium with extracellular fluid. Accumulation of 
intracellular sodium is associated with a loss of cell potas¬ 
sium in skeletal muscle but not in red blood cells. Analo' 
gous changes in intracellular electrolyte of renal tubule 
cells might explain the disturbances of renal tubular re' 
absorption of sodium and chloride. 

Studies on "Heparin Tolerance": An Analysis of Factors 
Influencing the Anticoagulant Activity of Heparin. 
Robert C. Hartmann, C. Lockard Conley and Julius 
R. Krevans, Baltimore, Md. (Introduced by A. Mc' 
Gehee Harvey). 

A correlation between increased resistance to the anti¬ 
coagulant activity of heparin and tendency to thrombosis 
has been reported by several investigators. However, the 
factors which influence the results of “heparin tolerance*’ 
tests’have not been previously studied. A systtroatic in¬ 
vestigation of factors concerned with “heparin tolerance*' 
was carried out. It was shown that the concentration of 
heparin required to prolong the coagulation time of blood 
was directly related to the platelet count. It was also 
demonstrated that platelet-free plasma from normal hu¬ 
man subjects as well as patients with thrombotic or hemor¬ 
rhagic diseases did not affect the anticoagulant activity of 
heparin. Others have suggested that hypercoagulability 
of the blood and increased heparin resistance might be as¬ 
sociated with liberation of thromboplastin into the blood, 
as, for example, following surgical operations. There¬ 
fore, experiments were carried out to determine the ef¬ 
fect of intravenous infusion of thromboplastin on “heparin 
tolerance,” 

Normal dogs, anesthetized with nembutal, were given 
intravenous infusions of homologous brain thromboplastin- 
The rate of infusion and thromboplastic activity of the in¬ 
jected material were varied over wide ranges. In vivo and 
in vitro “heparin tolerance” tests were performed repeat¬ 
edly before, during, and after the infusion of thrombo¬ 
plastin. In no instance was an increased resistance to 
heparin noted. Infusion of small amounts of thrombo¬ 
plastin resulted in an exaggerated response to heparin and 
larger amounts delayed coagulation of blood. These ef¬ 
fects occurred before there was a measurable reduction 
in the fibrinogen level of the plasma. 

The results provide no evidence that the intravenous 
injection of thromboplastin brought about increased re¬ 
sistance to heparin. No evidence was found to support 
the view that the “heparin tolerance” test is a measure 
of circulating thromboplastin. 

The Capacity of Patients with Chronic Hepatic Disease 
to Produce Antibody, and the Effect of ACTH and 
Cortisone on This Function. W. Paul Havens, Jr.,* 
James M. Shaffer and Charles J. Hopke, Jr., Phila¬ 
delphia, Pa. 

Twenty-seven Schick-negative patients with clironic 
hepatitis or cirrhosis and twenty-nine Schick-negative 
patients with other diseases were inoculated with SO Lf 
purified diphtheria toxoid, and the amount of circulating 


antitoxin was determined at frequent intervals during th6 
following month. Thirty-one percent of the control su^j'i 
jects had maximum measured amounts of antitoxin grealeri 
than 80 units/ml. serum, with an average of 97 units/ml. 
Seventy-four percent of the patients with hepatic disease 
had greater than 80 units antitoxin/ml. serum, with an 
average maximum measured amount of 286 units/ml. 
There was no apparent relationship between the unusual 
capacity of patients with chronic hepatic disease to make 
antitoxin and the age of the patient, severity of disease, 
state of nutrition, amounts of serum albumin and globu¬ 
lin, and resistance to intercurrent infection. 

Cortisone and ACTH were administered to eight pa¬ 
tients for periods of 9-lS days, beginning the day of in¬ 
jection of toxoid. All patients produced antitoxin—s^-e 
in large amounts. Simultaneous determinations of sc'ang 
globulin and antitoxin indicated, however, that tremesation 
increases in antitoxic protein (3 gm./lOO ml. serum)• indi- 
not manifested by comparable increases in serum gloiaient 
It is undetermined whether this suggests a preferenind 
use of globulin for antibody or an equilibration of two 
opposing forces—(1) the catabolic action of ACTH or 
cortisone and (2) stimulation for production of antibody 
afforded by the toxoid. 

I 

Cardiovascular Adjustments in Subjects with Orgt 
Heart Disease Before and After Conversion of At, 
Fibrillation to Normal Sinus Rhythm. Hans 
Hecht,* William J. Osher and Arthur J. Samuj°, 
Salt Lake City, Utah. 

ere 

Respiratory and cardiac function at rest and on exercch 
were measured by venous catheterization in twenty-fon- 
subjects with chronic atrial fibrillation and organic heas- 
disease. All patients had been under the influence of digi¬ 
talis and diuretics and seemed to derive no further benelr 
from hospital management. In fifteen, the examinaticto- 
were repeated upon restoration of a normal sinus meelby 
nism by quinidine. No adverse reaction occurred durion 
or following a total of 154 output determinations on the 
patients, and no embolic phenomena developed upon coiV 
version. The data were compared to those obtained under 
similar conditions from twelve normal subjects and from 
twelve patients with pulmonary heart disease in a com¬ 
parable state of “compensation.” / 

Three types of responses were noted, apparently ji 
respective of the clinical state prior to conversion. C 
group derived no apparent improvement in cardiac outp • 
from conversion either at rest or on exercise, another 
demonstrated significant improvement upon conversimt 
both at rest and more particularly on exercise. A L'lifi- 
group revealed definite improvement on exercise-dore- 
The average resting output of all subjects examje cause 
below normal before conversion and changed Gcytopenic 
normal sinus rhythm had been restored, ''megakaryo- 
cardiac output on exercise improved sign 
conversion. Oxygen extraction failed fpenia associated 
else prior to conversion but rose consii^^iuegaly and in 
Pulmonary ventilation after exercisrvithout 
subjects with atrial fibrillation be* hours or less in- 
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i3^)HO>Kyira^o(jgj.ately after normal sinus rliythm had been established. 
0 /o.xygen difference was high during 
ige of fibrillation and on the average returned to- 
but did not reach normal values upon conversion, 
l^cant pressure changes were only occasionally 
htered. 

^e observations indicate that a coordinate contrac- 
bi the cardiac atria aids in cardiac filling during dc- 
h .periods and that this reserve function is lost in 
nbrillation. 


The 
has be 
thromt 
bocytoi 
for at 1 
after si 
The 
transfu 
300 cc. 
subject 


|(?/ Testosterone upon the Human Testis. Carl G. 
LER,* Warren O. Nelson, William O. Maddock, 
)iN C. JuNGCK, C. Alvin Paulsen and Glenn E. 
-JRTIMORE, Portland, Oregon, and Iowa City, Iowa. 

the larger amoujjjty normal adult men were given intramuscular in- 
intravenously, tjg gf testosterone propionate 25 mg. daily for 24 to 
within 30 minuK.ys, or were implanted with testosterone pellets, 
cu. mm. at tlj'iguiar biopsies, urinary gonadotrophins and sperm 
severe re^&uotg were performed before, at end of and 6 to 33 
persisted months after cessation of therapy, 
karyocyte conclusion of treatment gonadotrophins and sperm 
ACTH,[;ounts were zero. Testicular biopsies revealed germinal 
effects fromd Leydig cell damage indicated by 1) decreased size of 
for the actigmmiferous tubules, 2) severe sclerosis and hyaliniza- 
strated by the gf the membranes of the tubules, 3) necrosis and de¬ 
spleen had bejmation of spermatogenic cells, 4) decrease in total 
for carcinomsjbers of germinal elements and 5) absence of Leydig 
from one ofg^ 

splenectomy, months after cessation of treatment slight improve- 
1 , 000,000 perjjj^ histological appearance of the testis was noted, 
in a normal yj months the testes were near perfect in microscopic 
The throjjg^jj^ sperm count was as high or higher than initially 
eight to te^(j gonadotrophins were normal (having been elevated in 
found in th^g immediate post-treatment period). Improvement ap- 
bocytopenic ^j.g^ ^g jjg gugtained at 33 months in one patient in whom 
demonstratecji^jj testicular biopsy was obtained. 

Attempts ij-ijg most remarkable change was the disappearance of 
platelet lysis hyalinization and sclerosis of the membranes of the 
let disappeaij.jjjifgj.Qgg tubules. Some of the testes were originally 
.nvolved with sclerosis and poor spermatogenesis. This 
The disappeared. These observations are being applied 

Which clinical infertility. 

Noctun 


DAN, Metabolic Fate of Radioactive Carbon Labelled Ace- 

(Introdu Glycine in Humans. Leon Hellman, Wendell 

The eryt'.PEACOCK, Maxwell Eidinoff, Robert Rosenfeld and 
nuria are Thomas Gallagher, New York, N. Y. (Introduced 
serum most by Konrad Dobriner). 

lysis) has ^ g^jjjjy ^f ^jjg metabolic effects of ionizing ir- 

globulin. ^ g patients with limited life expectancy were 

Serum dialysea^j^ microcuries of 2—0* acetate or 2-0* glycine 
retained both compi,ppj.Qy^j jjf ^.jjg Atomic Energy Commission, 
hemolysis was lost bux ^^f activity administered would deliver only 
Complement activity ,.jjg fgierance dose of radiation if uni¬ 
magnesium or calcium; ^ jjjjjj permanently retained in the body, 
or diminished by magnt \approximately 60 per cent of the dose 
Serum treated with breath, 3 per cent in urine, and 2 per 

showed PNH hemolysi; the next two weeks, more than 90 


per cent of the dose was accounted for through excretion. 
Two patients came to autopsy and analysis of tissues 
showed there was no significant localization of radioac¬ 
tivity and that the highest specific activity of C** was 
comparable to that of e.xhalcd CO3. 

There was enough activity incorporated in tissue con¬ 
stituents to allow measurement of some dynamic aspects 
of hemoglobin, protein, and steroid metabolism. The 
average life of serum protein was 14 ± 2 days and that 
of scrum cholesterol ll:i2 days. The average life of 
urinary ketostcroids was comparable to serum cholesterol. 
Data concerning the rates of synthesis of these constitu¬ 
ents will be presented. 

These studies have demonstrated that C*‘ in the form 
and quantity used docs not present a radiation hazard and 
is a valuable tracer for use in humans. 

Hypoxia as a Respiratory Stimulant in Cardiac Dyspnea. 

J. B. H 1 CKA.M,* H. O. Sieker and J. M. Ryan, Dur¬ 
ham, N. C. 

Arterial blood o.xygen is not usually thought to be sig¬ 
nificant in regulating breathing during congestive heart 
failure, because there is little arterial unsaturation. In 
normal man similar unsaturation is only a small respira¬ 
tory stimulant, and the administration of 100 per cent O 3 
to normal man at sea level is reported to cause only a 
small immediate decrease in ventilation. However, 100 
per cent O 3 during severe exercise normally diminishes 
breathing significantly. It was thought possible that a 
similar “oxygen sensitivity" might occur in congestive 
failure. 

Ventilation volume of subjects was recorded while 
breathing different gas mixtures. Arterial blood samples 
were taken through an in-lying needle. 

Twelve patients with varying amounts of cardiac insuffi¬ 
ciency, but not dyspneic at rest had an average arterial 
O 3 saturation of 93 per cent. They showed an average 
decrease of 14 per cent in ventilation volume on breathing 
100 per cent O 3 . The decrease occurred within the first 
minute and ventilation quickly climbed toward the previ¬ 
ous level as the arterial pCOj rose. Twelve normal sub¬ 
jects breathing 15 per cent O 3 had a similar response to 
100 per cent O-. It is concluded that the cardiac group 
was not significantly different from the normal, but that 
oxygen lack played an appreciable role in driving respira¬ 
tion in both groups. 

In 4 subjects with congestive failure and orthopnea the 
immediate ventilation decrease on 100 per cent O 3 averaged 
36 per cent. These subjects were not significantly more 
hypoxic than the other group and still showed a large 
ventilation decrease on 100 per cent O 3 when their arte¬ 
rial saturation was previously raised above the group 
average by 30 per cent O-. Preliminary results with the 
same technique suggest that persons with mild congestive 
failure are more sensitive to hypoxia during light exercise 
than are normal subjects. 

These early results suggest that arterial oxygen un¬ 
saturation is a significant respiratory stimulant in cardiac 
dyspnea. 
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An Experimental Study of Practical Diets to Reduce the 
Human Scrum Cholesterol. Eugene A. Hildreth, 
Sherman M. Mellinkoff, G. Walker Blair and 
Dorothy M. Hildreth, Philadelphia, Pa. (Introduced 
by Isaac Starr). 

The aim o£ this investigation was to discover whether 
the serum cholesterol in human subjects could be lowered 
by reducing the cholesterol of the diet alone; or must the 
total fat of the diet also be reduced? Since vegetable 
fats contain no cholesterol, we investigated the effects of 
the ingestion of vegetable fat on the serum cholesterol 
concentration. 

Three of the authors served as subjects, remaining on 
special restricted diets for periods up to one year. One 
of the subjects had a family history of coronary artery 
disease and was found to maintain a constant hypercholes¬ 
terolemia. The second subject had normal serum choles¬ 
terol levels but a family history of coronary artery dis¬ 
ease at an early age. The last subject had a norma! 
serum cholesterol concentration and a negative family 
history for coronary artery disease. 

Each subject was studied, first on his customary diet, 
which was essentially a normal fat, normal cholesterol 
diet; second, when both fat and cholesterol were re¬ 
stricted; and third, when, by a diet containing vegetable 
fats, cholesterol was restricted but total fat was normal 
in amount. The protein and caloric content of the diet 
were maintained constant throughout the study; the sub¬ 
jects lost no weight Serum cholesterol concentrations 
were estimated twice weekly. 

The diet low in fat produced a significant fall in the se¬ 
rum cholesterol concentration in all three subjects and 
that of the hypercholesterolemic subject fell to normal 
levels. In all three subjects the subsequent addition of 
vegetable fat containing no cholesterol to this diet was as¬ 
sociated with a rise in the serum cholesterol concentra¬ 
tion to the control levels. Therefore, in these subjects, 
the restriction of total fat and not of cholesterol alone 
was the decisive factor in lowering the serum cholesterol 
concentration. 

Variations in Blood Glucose in Diabetes Mellitus. Law¬ 
rence E. Hinkle, Jr. and Stewart Wolf,* New York, 
N. Y. 

Significant variations in urine excretion and blood 
ketones have been demonstrated in normal and diabetic 
humans under the stress of daily life. To investigate the 
relation of fasting blood glucose to these changes, serial 
measurements of blood glucose, blood ketones, and rates 
of water, chloride, and glucose excretion were made on 22 
non-diabetic persons and on 27 diabetics in various states 
of compensation, in a post-absorptive state 24 hours after 
their last insulin injection. Stress was provided by an 
interview arousing significant emotional conflicts. The 
observations were controlled by a second “neutral” 
experiment. 

In control experiments there was comparatively little 
variation in blood sugar. During stress situations accom¬ 


panied by feelings of anxiety, hostility, and depression, a 
fall in blood glucose of 10 to 35 mg per cent was often 
observed in non-diabetic subjects. Among diabetics large 
and rapid changes in blood sugar occurred during stress; 
falls as great as 80 mg per cent in 60 minutes and as rapid 
as 59 mg per cent in 11 minutes were observed, and rises 
as rapid as 41 mg per cent in 15 minutes. The direction 
of the change appeared to be related to the subject's atti¬ 
tude toward the situation as well as to his previous meta¬ 
bolic state. There was neither a fixed relation between 
the concentration of glucose and ketones in the blood, nor 
a positive correlation between blood glucose and the rate 
of excretion of water, chlorides, and glucose in the urine, 
except in that glycosuria occurred only when blood glu¬ 
cose was relatively elevated. 

The findings indicate that random samples of fasting 
blood glucose are not a reliable guide to the compensation 
of diabetes and do not correlate directly with other indi¬ 
cators of diabetic metabolism. Moreover, it is appaient 
that a careful study of the patient with his experiences and 
attitudes is of first grade importance in the management 
of diabetes mellitus. 

The Life Span of Transfused Human Blood Platelets. 

Erwin O. Hirsch and Frank H. Gardner, Boston, 

Mass. (Introduced by Clifford L. Derick). 

Human blood platelets were introduced into thrombo¬ 
cytopenic patients by transfusion of platelet-rich blood 
from polycythemic donors using syringes and needles 
coated with silicone. By this method platelet counts were 
increased by an average of 90,000 per cu. mm. Such 
platelet transfusions were followed by cessation of spon¬ 
taneous bleeding and return of the bleeding time, pro¬ 
thrombin conversion, clot retraction and vascular fragil¬ 
ity towards normal, indicating that a primary vascular 
defect is not the cause of bleeding in the thrombocyto¬ 
penias examined. Platelet survival was determined by 
noting the return of the platelet count to pretransfusion 
levels. 

Repeated transfusions in one case of aplastic anemia 
and one of acute leukemia indicated platelet survival of 
four to six days. In three patients with chronic (idio¬ 
pathic) thrombocytopenia who had normal numbers of 
megakaryocytes and no splenic enlargement platelet sur¬ 
vival was four to eight days, as determined on repeated 
occasions. In these patients with normal platelet survival 
even widespread hemorrhages and in one case splenectomy 
did not appear to affect the lifespan of the transfused 
platelets. Hemorrhage thus does not involve significant 
utilization of platelets and their life span is not signifi¬ 
cantly increased by removal of a normal spleen. More¬ 
over it appears that platelet destruction is not the cause 
of the low platelet count in the chronic thrombocytopenic 
states characterized by normal numbers of megakaryo¬ 
cytes and non-palpable spleens. 

In three cases of secondary thrombocj’topenia associated 
with normal megakaryocytes and splenomegaly and in 
two cases of acute (idiopathic) thrombocytopenia without 
splenomegaly platelet survival was 24 hours or less in- 



650 


PROCEEDINGS OF THE FORTY-THIRD ANNUAL MEETING 


dicating that in these diseases rapid platelet destruction 
may at least contribute to the thrombocytopenia. 

These observations illustrate two types of mechanisms 
for thrombocytopenia. In our experience platelet trans¬ 
fusions were beneficial in both acute and chronic thrombo¬ 
cytopenias, controlling acute hemorrhagic episodes and 
in preparing patients for surgery. 

Characterisation of Leucocyte Zinc Protein. Frederic L. 
Hoch and Bert L. Vallee, Boston, Mass. (Introduced 
by Mark D. Altschule). 

The behaviour of a soluble zinc protein from human 
leucocytes with stepwise ammonium sulfate fractionation 
and activity measurements has been used to differentiate it 
from carbonic anhydrase due to erythrocytes present 
with the leucocytes. The amount of carbonic anhydrase 
present calculated on the basis of hemoglobin measure¬ 
ments (Keilin and Mann) agrees well with that re¬ 
covered by ammonium sulfate precipitation at 85-90 per 
cent saturation as determined by zinc measurements, con¬ 
firming its differentiation from leucocyte zinc protein. 

The soluble leucocyte proteins have been further in¬ 
vestigated for behaviour under varying conditions of 
pH and ionic strength. Zinc protein fractions, twice pre¬ 
cipitated between SO and 60 per cent ammonium sulfate 
saturation, were soluble at pH 7.2. Lowering of the ionic 
strength by dialysis against distilled HjO, 4“C, or against 
a buffer of pH 6.0, ionic strength 0.01, 4'’C precipitated 
a fraction containing 0.2 per cent zinc. Identical results 
were obtained at pH 6.0, ionic strength 0.1, alcohol 10 
per cent, — 6°C. This fraction was tested for solubility 
over the range pH 3.0 to 9.4, ionic strength 0.1 to 1.0, 
4°C, its maximum being at pH 5.0, ionic strength 0.5. 
Dissociation of zinc occurs at pH 4.0, ionic strength > 
O.S, and at pH 3.0, ionic strength 0.1. Ultracentrifugation 
studies of these soluble fractions are in progress, as are 
emission spectrographic analyses for cation distribution in 
all leucocyte protein fractions. 

The leucocyte fractions insoluble with the extraction 
procedures contain 20 per cent both of the original total 
zinc and protein. Hot and cold trichloroacetic acid pre¬ 
cipitations indicate that nucleic acids comprise 9 per cent 
of the total dry weight of this residue. Such substances, 
with an absorption maximum of 260 to 265 mM, were 
soluble above pH 6.2, when the residue was tested for 
solubility from pH 4.2 to 9.2. There was no correlation 
between nucleic acid and zinc solubilities. 

Effect of Pitressin Induced Water Retention on Sodium 
Excretion. B. C. Holland, Durham, N. C. (Intro¬ 
duced by Eugene A. Stead, Jr.). 

Patients with congestive heart failure retain salt and 
water. Anti-diuretic materials are found in urine of pa¬ 
tients with congestive heart failure. This study was de¬ 
signed to determine if water retention from pitressin 
would cause sodium retention. Pitressin has been shown 
to have the same effect on salt and water excretion as 
endogenously produced post-pituitary antidiuretic hormone. 
Observations with and without pitressin were made on 


12 subjects. Three days before the experiment, these 
subjects received a 2500 calorie diet containing 8 grams 
of sodium chloride. On the day of the experiment they 
drank 200 cc of 0.2 per cent sodium chloride solution every 
hour for 24 hours. Urines were collected hourly. Blood 
samples were taken at the beginning and end of each 
experiment. 

After a three day balance period, this experiment was 
repeated. Subjects received in addition 1 milliunit/kg 
pitressin intravenously every hour. In 4 subjects the 
pitressin experiments were done first. 

In control experiments subjects did not gain weight; 
there was no edema; blood sodium remained the same; 
they excreted 50-70 per cent of their sodium intake in 24 
hours. 

In pitressin e.xperiments subjects gained 2 to 4 kg. in 
weight. All became puffy in the face and had traces of 
ankle edema. All had extreme oliguria. Two had falls 
of blood sodium levels from 140 to 130. Yet despite water 
retention and electrolyte dilution, sodium excretion was 
unchanged. Analysis of data after 16 hours of water 
retention showed no significant retention of sodium in the 
last 8 hours. 

The following interpretations seem possible: 1) Pitres¬ 
sin exerts sodium diuretic action which exactly counter¬ 
balances sodium retaining mechanisms of electrolyte dilu¬ 
tion. 2) Fall in sodium concentration without decrease 
in total body sodium is not strong stimulus for sodium 
retention. 3) Fall in sodium concentrations is a stimulus 
for sodium retention but 24 hours is not long enough to 
set in motion sodium retaining mechanisms. 

Comparative Effects of Compound F {17-Hydroxycorti- 
costerone) and Cortisone Infected Locally into the 
Rheumatoid Arthritic Joint. Joseph L. Hollander, 
Ernest M. Brown, Jr., Ralph A. Jessar and Charles 
Y. Brown, Philadelphia, Pa. (Introduced by Francis 
D. W. Lukens). 

Injection of 25 to SO mg. of cortisone directly into the 
synovial cavity of one inflamed knee joint in each of 11 
patients with rheumatoid arthritis failed to cause any 
beneficial effects as measured by symptoms and physical 
signs, by lowering the cell count of the synovial fluid, or 
particularly by a significant reduction (i.e. more than 
0.4'’C.) in the intra-articular temperature. In contrast, 
the administration of 25 mg. of Compound F of Kendall 
into a single diseased joint in each of 7 patients with 
rheumatoid arthritis has resulted in marked local improve¬ 
ment in symptoms and signs, a fall in the cell count of 
the synovial fluid, and a significant fall (0.6° to 1.9°C.) 
in intra-articular temperature within 24 hours in every 
instance. Contralateral diseased joints were used as con¬ 
trols and showed no significant change, nor were there 
other signs of systemic effect. 

The intra-articular temperature was measured by an 
electronic potentiometer with the filamentous ^ copper- 
constantan thermocouple inserted into the knee joint space 
through an aspirating needle. As previously repor e , e 
maximum daily variation of knee joint temperature in 
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rheumatoid arthritis is ± 0.2°C. under standard conditions 
of rest and room teemperature. The joint temperature 
returned to pre-treatment level 'vvithin 48 hours in most 
instances. Some clinical improvement has persisted for 
as long as 10 days after a single injection of 25 mg. of 
Compound F into the joint. It would appwr that the 
demonstration of a direct action and beneficial effect of 
Compound F, in apparent contradistinction to Compound 
E, upon the tissues of the rheumatoid arthritic joint, fur¬ 
ther emphasizes the physiological importance of Com¬ 
pound F. 

Effects of Protoveratrine on the Circulation in Hyper¬ 
tension. S. W. Hooblek, R. W. Corley and T. G. 
Kabza, Ann Arbor, Mich. (Introduced by C. C, 
Sturgis). 

Protoveratrine, a purified alkaloid of Veratrum album, 
was demonstrated by Meilman and Krayer to reduce the 
blood pressure and pulse rate when injected into hyper¬ 
tensive patients, without production of nausea or vomiting. 
These observations have been confirmed and hemodynamic 
studies to be reported indicate that the drug reduced 
peripheral resistance to blood flow in the forearm an 
average of 30 per cent in 6 cases, and in the foot by 32 
per cent in 13 cases. After lumbar sympathectomy pro¬ 
toveratrine did not produce dilatation in the foot, suggest¬ 
ing that its peripheral vasodilator action is mediated over 
sympathetic pathways. Renal blood flow was unchanged 
or slightly increased, and glomerular filtration rate (cre¬ 
atinine or mannitol clearance) showed no change or 
slight decreases. Effects on cardiac output and total 
peripheral resistance were variable, as determined in 
seven hypertensive patients by the direct Pick technique. 
In two patients with marked reductions in blood pres¬ 
sure, cardiac output increased and total peripheral re¬ 
sistance declined. In the remainder no change or a slight 
decrease in these indices occurred. 

Atropine abolished drug induced bradycardia and usually 
produced some elevations in blood pressure, but not to pre¬ 
injection levels. 

0.750-1.5 milligrams orally produces a gradual lower¬ 
ing of blood pressure and pulse rate over a 4-6 hour pe¬ 
riod and may relieve headache, hypertensive encephal¬ 
opathy, and cardiac dyspnea with reduction in heart size 
and venous pressure. The oral use of the drug is occasion¬ 
ally associated with nausea and vomiting. It has been 
administered 1-3 times daily over periods of 2-8 weeks 
in five severe ambulatory hypertensive patients who have 
kept daily records of their blood pressure. Evidence thus 
accumulated indicates that a significant reduction has 
been achieved and maintained over substantial portions of 
the day without serious side effects. 

The Role of Infection in the Radiation Syndrome. Joe 

W. Howland, F. \V, Forth and M. Coulter, Roch¬ 
ester, N. Y. (Introduced by Herbert Morgan). 

Study of the role of infection and infectious factors in 
large numbers of dogs and rats exposed to lethal dosage 
(LD/85-90) of whole body 2S0 KV x-radiation has been 


carried out. Bacteriological study indicated that 16 per 
cent of 120 dogs and 22 per cent of 250 rats shows positive 
cultures for oganisms of the type normally found in the 
gastro-intestinal ’cdnal. Similar organisms are found in 
all organs cultured at autopsy. The effect of oral ad¬ 
ministration to the rate of antibiotics including aureomycin, 
streptomycin, Chloromycetin, polymyxin and others indi¬ 
cates that all to some extent inhibit the diarrhea, lessen 
weight loss and enhance early recovery in the rat At 
this dosage level of x-radiation, mortality is not improved 
in high degree. In the dogs oral aureomycin and terramy- 
cin in daily dosage of 50-100 mg./Kg. for 28 days are su¬ 
perior to others tested in that the latent period is extended 
for 10-14 days longer than the parallel controls, 50-70 
per cent of which will die before the first treated animal 
becomes ill. Improvement in mortality (120 days) in con¬ 
secutive experiments is shown in a reduction from LD/ 
85-90 to an approximate LD/3S-40. Most of the deaths 
in treated dogs are related to the hemorrhagic diathesis 
or the presence of or development of resistant organisms 
to the antibiotic used in this experiment Alterations in 
intestinal flora resulting from prolonged administration 
of antibiotics are similar to those reported for man. The 
development of significant cross resistance in gram nega¬ 
tive bacteria treated with a single antibiotic to other anti¬ 
biotics is shown. In these experiments no therapy other 
than administration of antibiotics has been used. 

Ferrokinetics in Normal Subjects and in Patients Having 
Various Hematopoietic Disorders. Rex L. Huff, 
Paul J. Elmlincer, Joseph F. Garcia, John Oda and 
Marion Cockrell, Berkeley, Calif. (Introduced by 
John H. Lawrence). 

With the advent of high efficiency scintillation counters, 
it is possible to study the movement of Iron-59 in the body 
even when less than tolerance doses are given. Approxi¬ 
mately 30 patients with abnormalities in blood formation 
and 7 normal male adults have been studied by a combined 
blood sampling and in vivo counting technique. The de¬ 
pletion from the plasma of the instantaneously injected 
Iron-S9 Globulin IV-Z by bone marrow, liver, spleen, or 
by combination of the three tissues can be readily ob¬ 
served. The formation of red cells in abnormal sites such 
as spleen and liver is apparent with continued study. 

Storage of greater than normal quantities of tracer in 
the liver has been observed in certain cases. 

Excessive rates of destruction of red cells were inter¬ 
preted as occurring because of higher splem'c body surface 
counting rates at a time when newly tagged cells were 
leaving the bone marrow to enter the circulation. In 
such patients corroborative evidence of excessive cell de¬ 
struction was obtained. 

Patients with polycythemia vera may or may not have 
splenic erythroid metaplasia while chronic myelogenous 
leukemia patients invariably show erythroid metaplasia of 
the spleen and liver as evidenced by the Iron-59 kinetics. 

A large spleen seen with chronic lymphatic leukemia 
does not exhibit the ability to form red cells but may 
show excessive destruction of cells. 
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Hypoplasia or aplasia of the erythroid elements of the 
bone marrow is evident with failure of the tracer to accu¬ 
mulate and discharge from the normal marrow locations. 
The tracer evidence of hypoplasia and aplasia has been 
corroborated by marrow biopsy. 

Beta Glucuronidase Production by Beta Hemolytic Strep¬ 
tococci. Ralph F. Jacox,* Rochester, N. Y. 

Recent investigations of streptococcal enzyme systems 
by other workers have revealed that several enzymes are 
elaborated which depolymerize hyaluronic acid and nu¬ 
cleic acids. Another streptococcal enzyme concerned with 
breakdown of glucuronides has been found in this labora¬ 
tory. This enzyme, a beta glucuronidase, is elaborated by 
4 of 29 subtypes of group A streptococci studied, namely, 
types 2, 11, 13 and 25 and by several of group C strepto¬ 
coccal strains. Adaptive enzyme production is not stimu¬ 
lated by addition of a glucuronide substrate in distinction 
to the findings in the case of glucuronidase synthesis by E. 
coli and Staphylococcus albus; nor is stimulation of glu¬ 
curonidase formation found when enzyme positive strains 
are grown in a glucuronide medium. Streptococcal glu¬ 
curonidase is chiefly an intracellular enzyme in distinction 
to the extracellular characteristics of E. coli glucuronidase. 
A point of similarity between glucuronidase of strepto¬ 
cocci and E. coli is a similar pH optimum of 6.5 for maxi¬ 
mum enzyme activity. 

Assay of 60 strains of streptococci isolated from children 
with uncomplicated acute tonsillitis reveals that none 
produced glucuronidase. Fourteen of 30 strains isolated 
from streptococcal carriers in a boys’ institution of 300 
inmates were positive for glucuronidase. It is of interest 
that prior to this investigation ten cases of acute rheumatic 
fever had occurred among this group of 300. 

Preliminary antibody studies against streptococcal glu¬ 
curonidase in sera of patients with rheumatic fever have 
failed to reveal any inhibition of enzyme activity for 
group A or C streptococci. 

These observations on streptococcal glucuronidase ap¬ 
pear to be of chief interest because of the possible bio¬ 
chemical implications of infections with glucuronidase 
positive strains of streptococci since enz 3 rmes of this 
type may play a role in hyaluronic acid degradation or 
with any metabolite conjugated in a beta glucosidic. 
linkage. 

Lack of Correlation Between Immunologic and Electro¬ 
phoretic Estimation of Gamma Globulin in Human 
Serum. B. V. Jager* and E. L. Smith, Salt Lake 
City, Utah. 

With rabbit antisera to human gamma globulin and 
with the quantitative precipitin technique, the gamma 
globulin content of human serum can be estimated im- 
munologically. In a previous study we indicated that 
the values for gamma globulin obtained immunologically 
are appreciably greater than the values for gamma globu¬ 
lin estimated by the electrophoresis technique. 

To investigate the problem further, a number of rab¬ 
bit antisera to human gamma globulin was studied. These 


antisera react to a considerable degree with human serum 
from which the gamma globulin has been removed com¬ 
pletely by a salting-out procedure. When the gamma 
globulin-free human serum was tested against the anti¬ 
serum with the agar diffusion technique of Oudin, it was 
found tliat at least two antigenic substances present in 
this fractionated human serum react with the antiserum 
to human gamma globulin. It would appear that this 
cross-reacting antigenic substance is responsible for the 
excessively high immunologic values for gamma globulin 
as contrasted with electrophoretic estimations of this 
component. 

By means of quantitative procedures it was found that 
with a single antiserum to gamma globulin, the discrep¬ 
ancies between immunologic and electrophoretic estima¬ 
tions varied considerably with the individual human serum 
being examined for gamma globulin content. 

With different antisera to gamma globulin, immuno¬ 
logic estimations of gamma globulin on a single sample 
of human serum gave widely different values. 

Partial absorption of gamma globulin antiserum with 
gamma globulin-free normal human serum did not elimi¬ 
nate the cross-reacting properties of the antiserum and 
failed to yield an antiserum which was specific for gamma 
globulin. 

These studies reveal some of the difficulties that arise 
in estimating the gamma globulin content of human se¬ 
rum with an immunologic technique. 

The Blood Pressure of Patients with Hypertension After 

Subtotal Adrenalectomy: Relationship to the Amount 

of Residual Adrenal Tissue and Substitution Therapy. 

William A. Jeffers,* Harold A. Zintel, Joseph H. 

Hafkenschiel, Francis C. Dohan * and Nelly J. 

Keffer, Philadelphia, Pa. 

Eighty-five to 95 per cent of their adrenal tissue has 
been removed from 17 patients having severe essential 
hypertension. Only two of the surviving 14 patients have 
failed to show a considerable fall in blood pressure after 
observation for from two weeks to 12 months. Three 
have died, from 7 to 30 days after operation, each from 
causes other than adrenal insufficiency. 

This report is an attempt'to correlate levels of blood 
pressure post-operatively with the size of the adrenal 
remnant, residual cortical function (urinary corticoids and 
ACTH-eosinophile test), and the type and amount of 
substitution therapy administered. 

Preliminary observations suggest that a prolonged hypo¬ 
tensive effect may be accompanied by diminished urinary 
excretion of corticoids, without concomitant abnormalities 
of serum electrolytes. It is our current impression that 
sufficient adrenal tissue should be removed to render these 
patients susceptible to transient periods of adrenal insuffi¬ 
ciency in order to produce an optimal effect upon blood 
pressure. Conversely, the majority of patients have as 
yet not required the prolonged use of substitution therapy 
following subtotal adrenalectomy. 

Chemical Abnormalities in the Erythrocytes in Sickle Cell 

Anemia, Their Relationship to Sulfhydryl Metabolism 
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Olid the Effects of ACTH. Edward H. Kass, Sidney 
H. Incbar, John W. Harris and Allyn B, Ley, Bos¬ 
ton, Mass. (Introduced by Maxwe]! Finland). 

Snlfhydryl (SH) inhibitors inhibit sickling in vitro, 
suggesting that SH activity is related to the sickling phe¬ 
nomenon. The reduced glutathione (GSH) content of 
the erythrocytes of patients with sickle cell anemia was 
significantly greater than that of normal erythrocytes. 
Prolonged saline dialysis removed the GSH from the 
erythrocytes and rendered them incapable of sickling. 
Purified sickle cell hemoglobin contained 3 moles of 
SH/mole Hgb., by amperometric determination, whereas 
normal Hgb. contained 2 moles SH/mole Hgb. Vari¬ 
ations in the apparent SH content of hemoglobin may be 
obtained by altering the technique of measurement. 

Because ACTH may alter GSH content of erythrocytes 
and change the SH; N ratio of proteins, ACTH was ad¬ 
ministered to two patients with sickle cell anemia. In 
one patient, typical crises occurred hvice following admin¬ 
istration of ACTH. DOCA had no effect. The hema¬ 
tologic data and GSH content of the erythrocytes showed 
no significant changes. In the second patient a mild 
crisis was precipitated by ACTH but when the hormone 
was continued, the erythrocyte count rose gradually from 
2.6 to 4.8 million rbc/cu.mm. The osmotic and mechanical 
fragilities of oxygenated blood samples, which were ini¬ 
tially increased, became normal. Reticulocyte counts de¬ 
creased fourfold. The number of permanently sickled 
cells in the blood fell from about 35 per cent to less than 
S per cent, and the fecal urobilinogen decreased fivefold. 
The erythrocyte GSH, initially 0.13 meg. per million rbc, 
decreased to 0.074 meg. When ACTH was discontinued, 
the hematologic findings reverted rapidly to their original 
status, and the GSH rose to .115 meg. 

The data suggest that the genetically determined abnor¬ 
mality in sickle cell anemia is related to sulfhydryl ac¬ 
tivity within the erythrocyte and that this abnormality may 
be altered by the action of ACTH. 

Cardiac Output in Auricular Fibrillation with Observa¬ 
tions on the Effects of Conversion to Normal Sinus 
Rhythm. Ross C. Kory and George R. Meneely, 
Nashville, Tenn. (Introduced by Hugh J. Morgan). 

Circulatory dynamics were studied by the technique of 
cardiac catheterization in eighteen-patients with auricular 
fibrillations. Cardiac output was determined by the direct 
Pick principle with patients at rest and after standard 
exercise. Prior to catheterization all clinical resources 
except quinidine were used to place these patients in the 
best possible state of compensation with well-controlled 
ventricular rates. At the time of catheterization venous 
pressures were elevated in only two patients, but circida- 
tion times were prolonged in all eighteen. 

In all of these patients the resting cardiac output was 
low (mean cardiac index: 1.89 liters/min/m* of body 
surface). Not only was the resting output low but the 
response to a standard bout of exercise was considerably 
below normal. 


Eight of these patients were restudied after conversion 
to normal sinus rhythm with quinidine. Six of these had 
organic heart disease, cardiomegaly, and previous con¬ 
gestive failure. In these six patients there was a striking 
increase (average 43%) in both resting and exercise out¬ 
puts after conversion to sinus rhythm. The two remain¬ 
ing patients had functional or idiopathic auricular fibrilla¬ 
tion with normal heart size and no history of congestive 
failure; in these no significant change in cardiac output 
followed conversion. 

It is suggested that auricular fibrillation in organic 
heart disease despite full compensation and a controlled 
ventricular rate is accompanied by a low cardiac output 
not only at rest but after exercise and that conversion to 
sinus rhythm is of real value in improving cardiac 
function. 

Normal and Abnornujl Swallowing Mechanisms Studied 
by the Measurement of Intraluminal Esophagus Pres¬ 
sures. Philip BCramer, Herbert Minkel, Heddy 
Frank and Franz J. Ingelfinger,* Boston, Mass. 

Normal and abnormal mechanisms of deglutition have 
been studied by measuring intraluminal pressures at vari¬ 
ous points between the nasopharynx and cardia. Pres¬ 
sures were recorded by means of a Sanborn electro¬ 
manometer connected to an open-tipped, water-filled 
venous catheter positioned under fluoroscopic control. 
Such pressure records adduce information not obtainable 
by fluoroscopic or balloon-kymographic methods. 

In normal subjects characteristic phasic complexes were 
noted after "dry” and "wet” swallows. The range of 
phasic pressures observed (20 to SO mm. Hg) exceeded 
those heretofore believed to exist in the pharynx and the 
esophagus. The pressure waves, as measured by simul¬ 
taneous recording from three esophageal points, progressed 
at a rate of 2.5 cm. per second. Negative pressures of 
— 25 mm. Hg, which according to modern texts of physi¬ 
ology are integral to swallowing, were never observed. 
During rapidly repeated swallowing, the pressure waves 
of esophageal peristalsis were clearly inhibited until after 
the last swallow. 

Two patients unable to swallow following bulbar polio¬ 
myelitis failed to develop adequate intrapharyngeal pres¬ 
sures on attempts to swallow, but qualitatively and quan¬ 
titatively normal intraesophageal pressures could be ini¬ 
tiated by the unsuccessful attempts at deglutition. It 
appears that the pharynx, although too feeble to propel 
liquid into the esophagus, may nevertheless initiate reflex 
esophageal motility normally. 

In patients with cardiospasm, intrapharyngeal pressures 
were normal, but the normal esophageal pressure patterns 
were replaced by an irregularly progressive elevation of 
intraluminal pressure. This elevation presumably re¬ 
flected the accumulation of swallowed liquids in an esopha¬ 
gus with impaired propulsive motility. The characteristic 
spasmogenic effect of Mecholyl in cardiospasm, previously 
studied in our laboratory by balloon-kymograph methods, 
is also demonstrable by measurement of intraesophageal 
pressures. 
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Extreme Hypergammaglobulmcmia in Young Women 
with Liver Disease of Unknozvn Etiology. H. G. 

E. H. AhHENS, Ja., W. J, ElSSNMENGEa, 
A. M. Bongiovanni and R. J. Slater, New York, N. Y. 

Elevation of the gamma globulin fraction of serum in 
patients with liver disease is almost invariably present, 
but is rarely sufficient in degree to cause elevation in the 
total protein concentration of the serum. However, in a 
5-year period, during which the sera of 1300 patients with 
liver disease were analyzed for protein fractions, 12 pa¬ 
tients showed total proteins ranging from 9-13 gm. per 
cent. Electrophoretic studies showed that this rise was 
due entirely to gamma globulin increase. 

Eleven of these 12 patients were females, and of these 
the maximum age was 32. The onset of disease was 
insidious, and the course was prolonged and either sta¬ 
tionary or downhill, and frequently marked by the unusual 
features of periods of high fever, arthralgia, and arthritis. 
Pathologic study of the liver in 9 patients showed a re¬ 
markable degree of plasma cell infiltration, reaching 30- 
40 per cent of the nucleated interstitial ceils. Plasmacy- 
tosis was not found in sternal marrow biopsies; in the 
liver it diminished during the course of disease. The 
etiology of the syndrome remains unknown. 

The abnormal gamma globulin of 6 of these patients 
was found to be immunologically similar to normal gamma 
globulin or a fraction thereof, and could be measured 
quantitatively with rabbit antiserum prepared against 
normal gamma globulin. 

Physiological Observations on a Case of Beriberi “Heart 
Disease" with a Note on the Acute Effects of Thiamine. 
W. J. Lahey, D. B. Arst, M. Silver, C. R. Kleeman 
and P. Kunkel, New Haven, Conn. (Introduced by 
Arthur J. Geiger). 

A patient with Beriberi and anasarca was studied on 
four occasions by cardiac catheterization. Measurements 
before thiamine revealed a cardiac output of sixteen liters 
per minute, slight elevation of right heart and pulmonary 
artery pressures, low glomerular filtration rate, and 
marked oliguria. Two injections of thiamine, one hour 
apart, were then given. The changes observed were an 
increase in the A-V O. difference, an increase in oxygen 
consumption, a fall in cardiac output, slight transient rises 
in pulmonary and brachial artery pressures and increases 
in glomerular filtration rate (GFR) and sodium clearance 
(Cn»). a single determination showed the renal plasma 
flow (RPF) to be one-half normal as contrasted with 
a cardiac output of three times normal during the same 
period. During the next two weeks the patient lost forty 
pounds. The venous pressure returned to normal. Re¬ 
study revealed no change in central pressures despite 
marked reduction in cardiac output. The GFR was nor¬ 
mal. There were no significant changes after thiamine. 
A partial third study two weeks later showed no change 
in the mean auricular pressure. The fourth study, after 
the patient had been home for one week, revealed re-ap- 
pearance of a high cardiac output and diminished A-V O, 
difference. The right heart pressures were unchanged. 


The peripheral venous pressure was normal. The RPF 
and GFR were near normal. It is concluded that the 
clinical picture of congestive failure may appear and be 
resolved in Beriberi in the absence of marked changes in 
cardiac function as indicated by right heart and pulmonary 
artery pressures. The peripheral venous hypertension 
seen may be due largely to transmission of arterial pres¬ 
sure through the dilated arteriolar bed. Abnormal dis¬ 
tribution of blood flow with selective depression of flow 
to the kidneys and resultant disturbance of salt and wa¬ 
ter balance would appear to be of primary importance. 

An Antidiurctic Afechanism Not Regulated by Extra¬ 
cellular Fluid Tonicity. Alexander Leaf and Audley 
R. Mamdy, Boston, Mass. (Introduced by J. H. 
Means). 

Verney has demonstrated that an increase in solute 
concentration of plasma stimulates an increased output 
of antidiuretic hormone with reduction in urine flow while 
a dilution of the plasma inhibits posterior pituitary ac¬ 
tivity allowing a copious diuresis. 

We have confirmed this sequence of events in normal 
humans and dogs. With water restriction there occurs 
an increase in total serum solute concentration and a very 
hypertonic urine. On administration of water, dilution 
of the extracellular fluid occurs and a hypotonic urine 
is formed. Assay of the serum shows antidiuretic ac¬ 
tivity with water restriction and none during water 
diuresis. This cybernetic mechanism is ideally designed 
to preserve constant tonicity of the body fluids. 

Clinically we encounter patients who for long periods 
have low serum sodium and chloride concentrations. Such 
patients also have a reduction in total solute concentration 
of their sera. Why then do they not have a copious wa¬ 
ter diuresis and return their solute concentration to 
normal ? 

This has been investigated in uncontrolled Addison’s 
disease and in patients with congestive heart failure who 
have low serum sodium concentrations. In both groups 
there is observed a dilute e.xtracellular fluid, but in spite 
of this, a markedly hypertonic urine, an inability to have 
a water diuresis after water ingestion, and a high titre of 
antidiuretic activity in the serum. 

It was thought that this abnormal antidiuresis might be 
related to depletion of e.xtracellular electrolytes. By de¬ 
pleting a normal dog of extracellular fluid electrolyte it 
was possible to convert from the normal diuretic mecha¬ 
nism to this abnormal pattern. 

Thus it appears that in the face of extracellular fluid 
electrolyte depletion the animal will sacrifice tonicity of 
the extracellular fluids, retain water and attempt to re¬ 
store volume. The implications of these findings to ref¬ 
lation of extracellular fluid volume and edema formation 
are discussed. 

Some Hemodynamic Aspects of the Peripheral V^sels <« 
Hypertensive Vascular Disease. Richard • 

New York, N. Y. (Introduced fay Ephraim Shorr;, 
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CertJdn features o! the bulbar conjunctival capillary bed 
have been studied in 87 patients with hypertensive vascu' 
lar disease. In comparison with normal subjects and pa.- 
tients with non-hypertensive illnesses, the terminal ar^ 
terioles of hypertensive patients were found to be nar' 
rowed, with a slight, but significant reduction in velocity 
of arteriolar, capillary, and venular blood flow, as de^ 
termined by micrometric methods. In addition, spontanea 
ous vasomotor activity in arterioles, and in pre-capillaries, 
was Grade 3-4 in 10 of 12 hypertensives studied, as op' 
posed to Grade 1 in 3 of 12 controls. Sixty two per cent 
of the hypertensive cases showed Grade 3-4 elongation, 
looping, and tortuosity of the true capillaries, while 9 
per cent had Grade 1-2 such abnormalities. Tortuosity 
and coiling of capillaries, of Grade 1, were found in S 
per cent of controls. 

There were no abnormalities observed in corpuscular 
flow (i.e. clumping of rbcs., or other cellular elements) 
tiat. could be cowsideted specific, eithec of hvccctetisioti 
or of any of the diseases studied. In addition, vasocon¬ 
strictor responses to topically applied cold (ice pack) were 
of similar magnitude in hypertensives and controls, v 
However, the reactivity of the terminal arterioles in hy¬ 
pertension to directly applied epinephrine was approxi¬ 
mately 10 X that found in healthy subjects. In the various 
normotensive diseases, a similar elevation of arteriolar 
epinephrine reactivity occurred only with Laennec’s cir¬ 
rhosis, and with cases of hyperglobulinemia. In these 
illnesses, however, the vessels did not display vasocon¬ 
striction, increased spontaneous vasomotion, nor abnor¬ 
mal capillary patterns. These latter phenomena, with 
associated elevation of epinephrine reactions, were noted 
only in subjects with hypertensive disease. 

Glycine Metabolism in Rheumatoid Arthritis. Henry 
Lemon, Joseph M. Looney and William C. ChaseN, 
Boston, Mass. (Introduced by Chester S. Keefer). 

Collagen and elastin are unique among tissue and serum 
proteins in containing 20-25 per cent glycine, the metabo¬ 
lism of which has been observed by utilizing the methods 
of Alexander for estimation of serum glycine and alanine, 
before and one hour after the intravenous injection of 
1.77 gm. of sodium benzoate. The conjugation of gly¬ 
cine with benzoate and its rapid urinary excretion pro¬ 
vides a physiologic load upon the hepatic and peripheral 
pool of this amino acid. Over thirty ambulatory control 
subjects including normals, metastatic cancers, and osteo- 
arthritics showed a mean fall in serum glycine one hour 
after injection of 6.9 ± 1.3 (S.E.) per cent, with a mean 
hippurate excretion of 0.87 ±0.03 (S.E.) gms. In mofe 
than 44 patients with (hseases of collagen, of whom nearly 
90 per cent were ambulatory rheumatoid arthritics with 
elevated sedimentation rates, the fall of serum glycine 
was three times that of the controls, 20.4 ± 2.3 (S.E.) 
per cent, with some values over 50 per cent. This greater 
fall was not produced by increased hippurate excretion, 
which averaged 0.93 ± 0.05 (S.E.) gm. in these cases, in 
whom 14 values were under 0.60 gms. Serum ala¬ 
nine fell 14.9 ±3.5 (S.E.) per cent in controls and 
18.7 ±3.2 (S.E.) per cent in rheumatoids. Urinalysis, 


phenolsulfonphthalein excretion, bromsulfalein excretion, 
serum bilirubin, serum proteins, cholesterol ester ratios, 
thymol and cephalin flocculation were normal in nearly 
all cases, so that in no case could serum glycine altera¬ 
tions be attributable to disturbed hepatic or renal function. 

Serial observations of serum glycine response correlated 
well with subjective and objective evidence of rheumatoid 
activity, including sedimentation rate, but not with the 
duration or extent of the disease. Some of the greatest 
reductions in serum glycine occurred early in the disease 
before marked radiologic changes. Both spontaneous 
and ACTH or cortisone induced remissions effected a re¬ 
turn to a normal pattern, but there was no immediate al¬ 
teration induced by hormone therapy. Diets low in gly¬ 
cine may re-activate rheumatoid activity, but supplementa¬ 
tion of dietary glycine with 60-90 gms. daily has not as 
yet produced definite therapeutic benefit. The test has 
proven to be a useful diagnostic adjunct, and may indi¬ 
cate defective peripheral glycine metahalisra in cheutna.- 
tmd arthritis. 

Effect of Cortisone and ACTH on Body Water and Elec¬ 
trolyte Distribution. Marvin F. Levitt and Mortimer 

E. Bader, New York, N. Y. (Introduced by Alex¬ 
ander B. Gutman). 

Serial determinations of extracellular volume (inulin 
space of distribution), plasma volume (T-1824 space), 
serum electrolyte concentrations, glomerular filtration rate 
and renal plasma flow were made before and during corti¬ 
sone (100-200 mgms./day) or ACTH (100 mgms./day) 
therapy. All patients were mamtained on a salt-free rice 
diet for 3-7 days prior to and during the course of hor¬ 
mone treatment. Throughout the control and treatment 
periods all urine was collected and analyzed for sodium, 
potassium, and chloride content. 

Despite the rigid salt restriction, both cortisone and 
ACTH induced in each patient a progressive increase in 
approximately isotonic extracellular volume of 20-40 per 
cent. In 3 patients studied at frequent intervals during 
the course of hormone therapy, this increase in extra¬ 
cellular volume reached its maximum 8-9 days after the 
onset of treatment and then gradually decreased to control 
values despite the continuation of therapy. Neither the 
progressive increase nor subsequent decrease of extra¬ 
cellular fluid and total extracellular electrolyte was re¬ 
flected in body weight changes or over-all sodium and 
chloride balances. The observed increase in plasma vol¬ 
ume was much smaller and averaged 9 per cent In each 
patient so studied, there was a gradual increase and later 
decrease in glomerular filtration rate and filtration frac¬ 
tion. Peak changes in extracellular volume and renal 
function coincided in time. 

Previous evidence indicates that inulin is excluded from 
the cell and that its space of distribution affords the best 
method available for the measurement of extracellular 
volume. Provided that this premise is true, these data 
suggest that cortisone and ACTH produce a transient 
but significant shift of water, sodium, and chloride into 
the measurable extracellular space. 



656 


PROCEEDINGS OP THE FORTY-THIRD ANNUAL MEETING 


The Relation of Mitral Valve Area to Clinical Status in 
Patients with Mitral Stenosis. Benjamin M. Lewis, 
Florence W. Haynes and Ralph J. Spiegl, Boston. 
Mass. (Introduced by Reginald Fitz). 

Thirty patients with mitral stenosis were studied by 
cardiac catheterization and from these data mitral valve 
areas and pulmonary arteriolar resistances were calcu¬ 
lated by previously published formulae. 

From analysis of history, physical examination, electro¬ 
cardiogram, and x-ray done prior to catheterization, ma¬ 
jor symptoms and signs were found to begin at a valve 
area of 1.0 cm.* (normal 4-6 cm.*). Patients with larger 
valve areas had few and variable symptoms. Hydrauli¬ 
cally, if a normal flow is to be maintained at a stenosis of 
1.0 cm.’ or less, left atrial (and therefore pulmonary 
“capillary”) pressure must rise to levels which approach 
plasma osmotic pressure, with the resultant threat of 
pulmonary edema. The one compensatory mechanism 
left such a patient is an increase of pulmonary arteriolar 
resistance, which, by checking the pumping ability of the 
right ventricle, would tend to prevent sudden rises in 
pressure in the capillaries of the lung. Such an increase 
occurs to a variable degree when the mitral valve area is 
1.0 cm.’ or smaller. Thus, as the mitral valve area ap¬ 
proaches 1.0 cm.’ in size and before resistance in the pul¬ 
monary arterioles rises appreciably, hemoptysis and 
paroxysmal nocturnal dyspnea are often noted. As the 
valve narrows farther and the resistance does rise appreci¬ 
ably, cardiac enlargement and signs of right ventricular 
failure usually follow. Significant linear correlations are 
found between cardiac enlargement and mitral valve area 
and between cardiac enlargement and pulmonary arteriolar 
resistance. Therefore, when the mitral valve area is 1.0 
cm.’ or less, the following clinical manifestations become 
increasingly prominent: disabling exertional dyspnea, 
edema, hepatomegaly, cardiac enlargement, enlargement 
of the left auricle and the pulmonary artery, auricular 
fibrillation and electrocardiographic evidence of right 
ventricular hypertrophy. 

Thus the mitral valve, like most organs of the body, 
has a reserve capacity to the extent of 80 to 85 per cent 
before important signs of functional inadequacy appear. 

tThe Effect of Cortisone Acetate on Idiopathic Acquired 
Hemolytic Anemia. Allyn B, Ley and Frank H. 
Gardner, Boston, Mass. (Introduced by William B. 
Castle). 

Observations were made in three patients with acquired 
hemolytic anemia. Each originally presented an enlarged 
spleen, an anemia with an erythroblastic marrow, reticu- 
locytosis and hyperbilirubinemia, and a positive anti- 
globulin (Coombs) test. In only one patient were there 
increases in red cell osmotic and mechanical fragilities. 
Two of the patients were treated initially with cortisone 
acetate; in one this was preparatory to splenectomy; in 
the other the drug has been continued in gradually de¬ 
creasing dosage. The third patient was first treated with 
ACTH and then continued on cortisone acetate as mainte¬ 
nance therapy. 


In each of the first two patients a significant therapeu¬ 
tic effect was observed. The red cell, hemoglobin and 
hematocrit values gradually rose and the reticulocyte 
counts subsided as the serum bilirubin values returned to 
more normal levels. The Coombs test titers became 
weaker or negative. In the patient who demonstrated 
increased red cell fragilities, these abnormalities disap¬ 
peared. The third patient, whose initial improvement 
was induced by the use of ACTH has since maintained on 
cortisone acetate normal blood values and a normal serum 
bilirubin for 2 months. However, the initial Coombs test 
titer has shown no change. 

It is concluded that cortisone, like ACTH, is an ef¬ 
fective agent in the treatment of some patients with ac¬ 
quired hemolytic anemia. 

Immunization Against Scrub Typhus by Combining Living 
Vaccine with Chemoprophylaxis. Herbert L. Ley, Jr. 
and Joseph E, Smadel,* Washington, D. C. 

Earlier studies by Army Research Units in Ikfalaya 
showed that chloramphenicol given prophylactically sup¬ 
pressed overt scrub typhus in volunteers exposed by sitting 
in the grass in hyperendemic areas. Typical disease sub¬ 
sequently developed when the last dose was given three 
weeks following initial exposure but volunteers remained 
well if prophylaxis was continued for four weeks. 

Since inactive scrub typhus vaccines have proved use¬ 
less in the field, a combined procedure consisting of intra- 
dermal inoculation of “attenuated" living R. isuisugamushi 
followed by intermittent prophylactic administration of 
3.0 gram oral doses of chloramphenicol was studied. All 
eight volunteers receiving vaccine without chemoprophy¬ 
laxis developed clinical scrub typhus eight to ten days af¬ 
ter inoculation. The six given drug on the 8th, 12th and 
16th day sickened on the 20th to 23rd day. None of the 
groups of eight who received their last dose on the 2lst, 
27th, or 34th day subsequently developed clinical scrub 
typhus. Eschars appeared at the site of vaccination in all 
volunteers and rickettsemia occurred in the control and 
test volunteers. 

Intermittent chemoprophylaxis from the 8th to the 21st 
day following inoculation of rickettsiae suppressed overt 
disease but permitted a smoldering infection. 

Quantitative Studies in Man of the Cardiac Effects of Re¬ 
flex Vagal Stimulation. Arthur J, Linenthal, Boston, 
Mass. (Introduced by A. Stone Freedberg). 

Certain quantitative aspects of reflex vagal action on 
the heart, not heretofore described in man, have been 
studied in order to clarify the role of this reflex in the 
genesis and treatment of cardiac arrhythmias. 

Changes in sino-auricular rate, auriculo-ventricular 
conduction time and site of impulse formation were de¬ 
termined electrocardiographically following manometri- 
cally-controlled carotid sinus pressure in patients with 
angina pectoris or paroxysmal arrhythmias. ,. 

Significantly, this visceral reflex follows well-established 
principles of neurophysiology applying to various motor 
and sensory phenomena. Stimulus-response curves for 
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effects on rate and auriculo-ventricular conduction are 
S-shaped. In the same individual tliese two cardiac re¬ 
sponses, frequently simultaneous, are independent, having 
different thresholds and different rates of increase and 
decline. Rapid accommodation occurs if constant pres¬ 
sure is maintained for more than a few seconds. The 
slowed heart rate rises rapidly, leveling off below the 
control rate as pressure is continued. 

Right and left vagal stimulation may have marked ac¬ 
tion on both sino-auricular and atrio-ventricular nodes. 
Varying combinations of the two effects occur in differ¬ 
ent individuals. 

During a two-year period in a patient with angina pec¬ 
toris, the action on auriculo-ventricular conduction in¬ 
creased markedly, without change in the effect of carotid 
sinus pressure on the sino-auricular node and the cardiac 
rate; this was traced to alterations in the heart 
Atrio-ventricular beats may occur during maximum 
sino-auricular slowing. Increased sino-auricular rate 
above the control level, supra-ventricular and atrio¬ 
ventricular tachycardias and ventricular extra-systoles 
have been observed after reflex vagal stimulation has been 
discontinued, during rebound from reciprocal sympathetic 
inhibition. 

Atropine and quinidine may block reflex vagal action 
on the atrio-ventricular node without altering its effect 
on the sino-auricular node. 

These findings afford a new quantitative approach ap¬ 
plicable to the clinical and pharmacological study of this 
important reflex. 

The Effect of Graded External Pressures on the Vascu¬ 
lar Volume of the Leg. Julius Litter and J. Edwin 
Wood, III, Boston, Mass. (Introduced by Robert W. 
WUkins). 

Quantitative plethysmographic measurements were made 
of the vascular volume of the leg, in vivo, with the cir¬ 
culation under normal conditions of rest. The blood was 
first expressed from the leg and thigh by the application 
of air-pressure (2S0 mm. Hg) successively to the water- 
filled plethysmograph on the leg, and to overlapping blood 
pressure cuffs on the thigh. After the circulation was re¬ 
stored, the increase in leg volume was recorded until re¬ 
active hyperemia had subsided and the resting vascular 
volume was constant These measurements were repeated 
over a range of external water pressures on the leg from 
minus 5 to plus SS mm. Hg referred to heart level. 

A marked decrease in vascular volume of 2.5 per 100 
cc. of leg (from 4.0 to 1.5 cc.) was produced by increas¬ 
ing the external water pressure only 10 to 15 mm. Hg. 
This was attributed to a large decrease in the volume of 
the veins (and perhaps the venules) due to the reduction 
of the effective venous pressure to barely greater than 
zero. When the external water pressure was further in¬ 
creased from 15 to 55 mm. Hg, only a small additional 
decrease in volmne of 0.5 cc. occurred. This was inter¬ 
preted as being due to decreases in the volume of the capil¬ 
laries, arterioles and arteries, the venous volume and ef¬ 
fective pressure remaining constant. 


These results give quantitative information about the 
volume of different blood vessels in vivo, and confirm the 
in vitro studies of other workers showing that the volume 
of veins depends upon the effective venous pressure, and is 
independent of absolute pressure. The data also have a 
practical bearing on the use of elastic compression to ac¬ 
celerate venous flow and prevent thrombo-embolic compli¬ 
cations in hospitalized patients. 

Some Studies of Posterior Pituitary and Adrenal Cortical 
Interrelationships. C. W. Lloyd, J. F. Harris and 
J. Lobotsky, Syracuse, N. Y. (Introduced by R. H. 
Lyons). 

Two normal subjects and five patients with liver dis¬ 
ease were injected daily with Pitressin tannote in oil while 
they were maintained on standardized salt and fluid in¬ 
takes. Frequent observations of body weight, serum so¬ 
dium, and urine volume, sodium and corticosteroid, were 
made. Very little change in any of these measurements 
occurred in the normal subjects. The patients with liver 
disease had striking changes, developing hyponatremia 
and edema as results of the excretion of increased amounts 
of sodium and the retention of water. Decreases of se¬ 
rum sodium to values as low as 106 m.Eq/1 and weight 
gains as great as 20 pounds occurred in these patients dur¬ 
ing Pitressin administration. When the serum sodium 
remained within normal limits, no change in urinary corti¬ 
costeroid occurred. The urinary corticosteroid rose to 
high values when hyponatremia had been produced, sug¬ 
gesting the occurrence of an adrenal cortical response. 
In the presence of sodium depletion and water retention, 
administration of adrenal cortical extract in addition to the 
Pitressin caused diuresis and sodium retention. 

Studies on the Metabolism of Cholesterol in Normal Man 
and m the Nephrotic Syndrome. Irving M. London,* 
Gloria F. Sabella and Martha M. Yamasaki, New 
York, N. Y. 

The rate of synthesis of serum cholesterol may be meas¬ 
ured by determining the rate at which deuterium is incor¬ 
porated into the serum cholesterol when an elevated deu¬ 
terium concentration is maintained at a steady level in 
the body water. The rise in deuterium concentration in 
the serum cholesterol represents the appearance in the 
circulation of newly synthesized cholesterol molecules 
formed from precursors which have derived their deu¬ 
terium from the labeled body water. On prolonged main¬ 
tenance of a steady deuterium concentration in the body 
water, the isotope concentration in the serum cholesterol 
rises to a maximum value. The time required to reach 
SO per cent of this maximum deuterium concentration is 
the half life time, tj, of serum cholesterol, Le., the time 
required for half the serum cholesterol molecules present 
in the circulation to be formed. 

A study in a normal adult male revealed a value of 
about 8 days for the half life time of serum cholesterol. 
This represents a turnover time, or mean survival time, 
of about 12 days (ti/ln2). 

A similar study has been conducted in a patient with 
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the nephrotic syndrome having marked hypercholestero¬ 
lemia. The rates of formation of cholesterol of the serum 
and of the erytlirocytes have been determined. The re¬ 
sults indicate that the half life time of the serum choles¬ 
terol is prolonged. These findings will be discussed in 
terms of the pathogenesis of the hypercholesterolemia of 
the nephrotic syndrome. 

Studies have been performed on the interrelationships 
of serum and erythrocyte cholesterol. The incubation of 
normal mature human erythrocytes with C“ labeled ace¬ 
tate reveals that these cells have no significant capacity 
for cholesterol synthesis. The origin of erythrocyte 
cholesterol will be discussed in the light of these findings. 

Entero-Hepatic Circulation of Bromsulphalein: Studies 
in Man and Dog. Stanley H. Lorber, Harry Shay, 
M. J. Oppenheimer and Herman Siplet, Philadelphia, 
Pennsylvania (Introduced by Richard A. Kern). 

Previously demonstrated intestinal absorption of brom¬ 
sulphalein was further investigated in dogs employing a 
catheterization technique. Significant serum BSP con¬ 
centrations in hepatic vein, portal vein and peripheral ar¬ 
tery were usually observed within S minutes of its intra- 
duodenal instillation; being highest in portal blood and 
dye appeared in bile within 10-15 minutes. For one 
minute, following administration of BSP into the portal 
vein, dye concentrations in the hepatic vein exceeded those 
in peripheral artery. From 2 to 15 minutes, BSP con¬ 
centrations in peripheral artery exceeded those in hepatic 
vein but at 30 and 45 minutes little difference between the 
two was observed. 

To correlate these observations with the clinical BSP 
test, cholecystectomized patients were administered the 
2 and 5 mg./kg. doses intravenously with and without 
common duct aspiration. Significant correlation between 
dye removal and change in serum BSP levels was ob¬ 
served only after the 5 mg./kg. dose. Marked decreases 
in serum BSP concentrations occurred when a significant 
percentage of the intravenously administered dye was re¬ 
covered in the bile. The effect of reabsorbed dye upon 
serum levels was more readily evident after the intrave¬ 
nous administration of BSP than after its intestinal in¬ 
stillation. This may be due to “saturation" of the excre¬ 
tory mechanism under the former conditions. 

We conclude from these data that the influence of an 
enterohepatic circulation upon the BSP test is a quanti¬ 
tative one and suggests that the smaller dose is prefer¬ 
able for clinical use. The relationship of these observa¬ 
tions to EHBF will be discussed. 

The Syndrome of Short P-R Interval, Normal QRS 
Complex and Paroxysmal Rapid Heart Action, Ber¬ 
nard Lown and Frank Ganong, Boston, Mass. (In¬ 
troduced by Samuel A. Levine). 

Although the Wolff-Parkinson-White syndrome has 
been widely reported, the association of paroxysmal tachy¬ 
cardia and a short P-R interval without QRS abnor¬ 
mality has not been recognized. 

From the electrocardiographic files of the Peter Bent 


Brigham Hospital two hundred cases with a P-R in¬ 
terval of 0.12 or less were compared with a control group 
of 200 cases with P-R intervals of 0.16 and 0.18 seconds. 
Cases on digitalis or with conditions known to predispose 
to paro.xysmal tachycardia were excluded from both 
groups. 

Among the 200 cases with the short P-R intervals, tliere 
were 16 cases with anomalous A-V conduction. Four of 
these had paroxysms of rapid heart action. Of the re¬ 
maining 184 cases with normal QRS complexes, 19 had 
paro.xysma! tachycardia. In the 200 control group there 
was only one such case with tachycardia. Thus there is a 
markedly greater incidence of rapid heart action in tlie 
short P-R group. 

These cases differ from the Wolff-Parkinson-White 
syndrome in several ways. Their usual P-R interval is 
0.12 second, rarely less, the QRS duration is less tlian 
0.09 and tlie P-J interval is seldom more than 0.20 sec¬ 
ond. Slurring of the initial portion of the R wave is 
absent. Unlike the Wolff-Parkinson-White they do not 
e.xhibit “normalization” of the P-R and QRS even after 
many years follow-up. 

In this study it was noted that cases of Addison’s dis¬ 
ease have P-R intervals longer than 0.15, while cases 
with Cushing's syndrome have P-R intervals less than 
0.14 second; furthermore massive doses of cortisone 
seem to shorten the P-R interval. Whether endocrine 
factors are operative in the genesis of tliis entity is as 
yet uncertain. 

These cases constitute an easily recognizable clinical 
group consisting of paro.xysmal tachycardia, preeminently 
in females, starting in middle life, with a snapping mitral 
first sound, who have a constantly short P-R and a QRS 
devoid of slurring or prolongation. 

A Comparison of the Effects of ACTH and Cortisone in 

Nephrosis. John A. Luetscher, Jr.,* Quentin B. 

Deming and Ben B. Johnson, San Francisco, Calif. 

Twenty-nine patients with nephrosis, with or without 
clear evidence of glomerulonephritis, have received corti¬ 
sone or ACTH for 5 to 16 days for a total dose of 500 to 
2100 mg. Of 18 courses of treatment with cortisone, 10 
resulted in complete elimination of edema, 3 led to par¬ 
tial diuresis, and 5 cases had no beneficial result. Of 14 
cases treated with ACTH, 10 lost all edema, while 3 
showed no significant diuresis. Treatment with either 
agent usually increases the clearances of creatinine or 
inulin and causes retention of sodium and water during 
the initial days of treatment, followed by release on later 
days. After treatment, there is usually diuresis and more 
or less reduction of proteinuria, with increased plasma 
protein and albumin levels. ACTH may initiate an im¬ 
pressive elimination of water and sodium during the latter 
days of treatment, and proteinuria may decline at this time: 
such changes are rarely seen until after discontinuance of 
cortisone treatment. Reduction in serum cholesterol 
usually follows ACTH treatment. A reduction in the 
abnormal sodium-retaining activity of urinary cortjcoids 
is observed whether diuresis occurs during or after trea 
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racnt, but fails to occur when edema is unaffected. Im¬ 
provement in urinary sediment is often observed when 
a reduction in proteinuria occurs. 

The duration of a remission following ACTH or corti¬ 
sone varies greatly. It may be interrupted by an inter¬ 
current infection or there may be a gradual return of pro¬ 
teinuria or edema without obvious cause. Sustained im¬ 
provement lasting many months is possible. 

Protein Studies on Treponemal Immobilising Antibodies. 
Harold J. Magnuson,* Henry Tauber, Charlotte 
McLeod and Warfield Gabson, Chapel Hill, N. C. 

Cohn Method X for the fractionation of normal human 
plasma has been adapted to the fractionation of plasmas 
or serums from approximately 50 patients with untreated 
early syphilis in whom treponemal immobilizing anti¬ 
bodies could be demonstrated. The chemically separated 
fractions were further studied by electrophoresis. These 
studies indicate that the immobilizing substances are 
present in Precipitate I -h III — 1,2.3 associated with the ' 
high molecular weight isoagglutinins and a small amount 
of prothrombic protein; and in Precipitate 1+111—3 
associated with the high molecular weight antihemophilic 
globulin, cold insoluble globulin, and a small amount of 
plasminogen. These precipitates which contain nearly 
all of the spirochetiddal substances represent a small per¬ 
centage of the blood proteins. Unsuccessful attempts have 
been made to demonstrate binding of these spirochetiddal 
substances to pathogenic T. pallidum through the use of 
r“‘ tagged and fluorescein tagged serums and serum frac¬ 
tions. 

The Effect of a Series of Bacteria and Their Products 
on the Human Leukocyte. Samuel P. Martin, Ivan 
L. Bennett and S. Chaudhuri, Durham, N. C. (In¬ 
troduced by David T. Smith). 

The effect on human leukocytes of a series of bacteria 
and their carbohydrate products has been tested. Morgan 
has noted that leukocytes from splenic implants of guinea 
pigs did not migrate toward the carbohydrate extracted 
from S. typhosa. With the same carbohydrate, Delauncy 
noted marked inhibition of diapedesis of leukocytes, and 
Miles and Nivens explained the paucity of leukocytes in 
injured tissue on the inability of the animal to maintain 
adequate blood pressure. In our studies leukocytes were 
observed by a slide cell technique after in vitro and in vivo 
administration of various bacterial products. 

With the use of the intact organism in vitro, S. typhosa 
and Ps. aeruginosa inhibited the migration of leukocytes 
in concentration of 6 X 10* organisms/ml (approximately 
one per leukocyte). M. aureus and D. pneumoniae had 
no inhibitory effect in concentrations of 6 X 10* organisms/ 
ml. The purified carbohydrate of S. typhosa (Morgan), 
P. aeruginosa (Baxter), and S. Marcesens (Shear), as 
well as filtrates, inhibited the migration of leukocytes. 
As the dosage was decreased, stimulation was noted. 
Polysaccharides from D. pneumoniae type III showed no 
inhibition. 

In the study of blood drawn before and after the ad¬ 


ministration of heat killed S. typhosa, a moderate stimula¬ 
tion of leukocytes is noted during the first two hours after 
the material is given. This stimulation is prevented by 
the administration of ACTH. 

It would appear that the alteration of migration of 
leukocytes may reflect a change in the cell and that this 
may be important in the distribution of leukocytes follow¬ 
ing the administration of these compounds. 

Thyroid Hyperplasia Disproportionate to Function. 

George B. McAdams, New Haven, Conn. (Introduced 

by William T. Salter). 

In distinguishing between toxic and non-toxic goiter, 
a single determination over the gland of radioactive pick¬ 
up (due to 1“') may be misleading. Such a measurement 
is more likely to indicate thyroid hyperplasia than thyroid 
hyperfunction. If repeated determinations are made with 
the Geiger-Mueller counter (following the test dose of 
1“), however, it is possible to estimatq the rate at which 
iodide is transformed into thyroxine and secreted. This 
TMR (thyroid metabolic rate) correlates well with the 
concentration of serum thyroxine or “hormonal" iodine. 
In smouldering or burned-out Graves’ disease (.forme 
fruste), the TMR usually lies within normal limits; 
whereas the maximal uptake of radioactivity in the gland 
is extremely high (due to hyperplasia). The TMR nor¬ 
mally is between 0.18 and 0.32 mg. per day per square 
meter of body surface, in terms of L-thyroxine. In myx¬ 
edema the TMR approaches zero; and in brisk hyperthy¬ 
roidism it exceeds half a milligram of L-thyroxine per 
day per square meter. Evidently the best way to de¬ 
termine thyroid function is to estimate the amount of L- 
thyroxine produced per day. One should not be misled 
by the size or mass of thyroid parenchyma. 

The Action of Protoveratrine on Renal Function m Hy¬ 
pertension. E. Meilman, Boston, Mass. (Introduced 

by S. L, Gargill). 

The ability of protoveratrine to lower blood pressure 
in a variety of conditions characterized by hypertension 
affords the opportunity of studying such patients during 
periods of elevated blood pressure and lowered or normal 
blood pressure. Since this fall in blood pressure is the re¬ 
sult of a decreased peripheral resistance, it was important 
to determine kidney function during this period. 

Renal clearance studies (inulin and PAH) have been 
carried out 40 times in 35 patients with hypertension of 
varied etiology before and after protoveratrine. In most 
of these, clearance materials were administered with a 
constant speed infusion pump. In ten studies after single 
i.v. injections of protoveratrine, a moderate to marked fall 
in GFR and a lesser fall in ERPF usually occurred during 
the most marked blood pressure fall; both functions re¬ 
covered toward but not above control levels as the blood 
pressure rose to former levels. Since such measurements 
were made during a constantly changing blood pressure 
level, further studies during a continuous i.v. im'usion of 
protoveratrine were made while the blood pressure was 
being maintained at a steady low level for 2-4 hours. 
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These studies demonstrate that GFR usually approaches 
or reaches control levels 1-2 hours after the first lowering 
of blood pressure, while ERPF reaches or exceeds con¬ 
trol values in this time. These observations are consistent 
with the hypothesis that the kidney in essential hyper¬ 
tension as well as chronic renal disease is capable of un¬ 
dergoing vasodilatation following the administration of 
protoveratrine. 

The vasodilatation is accompanied by a marked decrease 
in the resistance of the kidney. 

The Causes of Coustriction of the Digital Vascular Bed. 

Milton Mendlowitz,* New York, N. Y. 

In the digital circulation the sympathetic nervous com¬ 
ponent of vasoconstriction can be eliminated by the ap¬ 
plication of heat indirectly supplemented by the intra¬ 
venous administration of TEAC. When this is done 
in hypertensive patients, residual vasoconstriction, the 
mechanisms for which remain obscure, can often be re¬ 
vealed. 

The possibility that metabolic factors are responsible 
for this residual vasoconstriction was investigated by 
studying oxygenation and hydration. In severe anemia, 
when the slight decrease in viscosity was incorporated in 
the calculations, there was no evidence of intrinsic vaso¬ 
dilatation. In clubbed fingers, moreover, and in coarcta¬ 
tion of the aorta, intrinsic vasoconstriction was not a 
response to increased perfusion pressure in the digital 
arteries. 

Hydration was studied by comparing the circulation 
in contralateral digits in patients with unilateral lymphe¬ 
dema, usually following radical mastectomy. No signi¬ 
ficant differences were found beyond those in a control 
group. In one patient with malignant hypertension, 
studied repeatedly, salt depletion produced a gradual de¬ 
crease in non-neurogenic or intrinsic digital vascular 
resistance. The factors of chemical composition of intra- 
and extra-cellular fluids were not concomitantly studied. 

In every patient subjected to dorso-lumbar sympathec¬ 
tomy some return of neurogenic vasoconstriction in the 
toe could be demonstrated. In addition, in at least one- 
third of these patients, an increase in non-neurogenic in¬ 
trinsic vascular resistance followed sympathectomy. In¬ 
fusion of benzodioxane after prior release of residual 
sympathetic nerve tone by indirect heat and TEAC failed 
to demonstrate any relationship between this intrinsic 
narrowing and circulating epinephrin. The available evi¬ 
dence suggests disuse atrophy and consequent shortening 
of arteriolar circular muscle as the probable cause of this 
decrease in vascular caliber. 

Observations on the Effect of Intravenous Human Serum 

Albumin in Hypersensitivity Reactions and Various 

Arthritic States. William R. Merchant, Thomas 

McP. Brown,* Lucille B. Robinson and Ruth H. 

WiCHELHAUSEN, Washington, D. C. 

The association of serum protein alterations with various 
disease states is being recognized more frequently with 
the increased application of electrophoresis and other tech¬ 


niques. In those diseases with an infectious etiology or a 
possible hypersensitivity mechanism, attention has usu¬ 
ally been directed toward abnormalities in the globulin 
fractions. The significance of the relation of the albumin 
to the globulin fractions has been obscure. 

Relatively minute amounts of human serum albumin in¬ 
terfere with the zinc turbidimctric measurement of gamma 
globulin. In patients with rheumatoid arthritis human 
scrum albumin given intravenously produced temporary 
variations of clinical effect from marked symptomatic 
improvement to mild exacerbation of symptoms. The 
latter was usually associated with larger quantities of al¬ 
bumin. A transient rise in albumin and depression of 
gamma globulin fractions, as determined elcctrophoreti- 
cally, was noted following single injections of albumin. 
These changes paralleled those noted in tlie sera of pa¬ 
tients receiving cortisone. 

To correlate the comparative clinical and serum protein 
effects further, known sensitivity reactions were studied. 
In three patients with serum sickness and in seven pa¬ 
tients with reactions due to penicillin, prompt relief of 
their symptoms was obtained when small quantities of 
albumin were administered intravenously. One patient 
with aplastic anemia had four successive transfusion re¬ 
actions. Three subsequent transfusions were given with¬ 
out reaction when administered concomitantly with al¬ 
bumin. Tuberculin hypersensitivity and the precipitin re¬ 
action in serum sickness could also be modified by human 
serum albumin. 

Three patients with gout who were completely refrac¬ 
tory to colchicine were studied. Albumin alone produced 
no effect in these patients. However, when albumin ad¬ 
ministration was immediately followed with colchicine 
marked clinical improvement was obtained. 

These observations would suggest that serum albumin 
independently, or in its interrelationship with globulin, 
may modify the manifestations of known hypersensitivity 
and various arthritic states. 

Observations on the Pressor Response Occurring During 

Dialysis with the Artificial Kidney. John P. Merrill, 

Walter T. Goodale and Roy C. Swan, Boston, Mass. 

(Introduced by Henry A. Christian). 

The pressor response accompanying dialysis with the 
artificial kidney is characterized by a rise in both systolic 
and diastolic pressure with a slight increase in pulse pres¬ 
sure and pulse rate. The etiology of this response is at 
present not clear but conclusions as to the dynamics of 
the response and its clinical significance can now be made. 
The possible contribution of the glucose content of the 
bath, of changes in plasma volume, in extracellular fluid, 
and the mechanical effect of transport of blood through 
the apparatus have been eliminated by controlled experi¬ 
ments. An increase in cardiac output, as measured by the 
technique of cardiac catheterization, has been implicated 
in the majority of these responses. Certain hypertensive 
patients may show no increase in cardiac output, but a 
marked increase in peripheral resistance and mean ^ ar 
terial blood pressure. One such patient, however, given 
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the peripheral vasodilator, protoveratrine, at the height of 
the pressor response maintained her mean arterial blood 
pressure by doubling the cardiac output in the face of 
a halved peripheral resistance. In all cases where meas¬ 
ured, pulmonary artery pressures were unchanged. 

Two patients with hypotension refractory to infusion 
of large amounts of plasma and blood have been studied. 
In neither of these patients was tliere evidence of periph¬ 
eral vasoconstriction. Both patients were jaundiced and 
anuric. Initial cardiac output was low, and in one pa¬ 
tient the pressor response occurring during dialysis was 
accompanied by a 35 per cent increase in cardiac output 
and resumption of urine flow. In one nephrotic patient, 
without nitrogen retention, dialysis was accompanied by a 
marked increase in glomerular filtration rate from 75 cc/ 
minute to 170 cc/minute and a marked increase in urine 
flow and sodium excretion. A second patient with long¬ 
standing Laennec’s cirrhosis and edema showed a marked 
increase in cardiac output with a similar increase in urine 
flow and sodium excretion. 

The Effects of Experimental Pericardial Tamponade on 
Pressures in the Pulmonary Circulation. James Met¬ 
calfe and John W. Woodbury, Boston, Mass. (In¬ 
troduced by C. Sidney Bunvell). 

Peripheral venous, peripheral arterial, pulmonaiy 
venous (in four cases “pulmonary capillary”) and pul¬ 
monary arterial pressures have been measured in a series 
of dogs subjected to progressive pericardial tamponade by 
a method permitting normal respiration with a closed 
thorax. 

The well documented rise in peripheral venous pres¬ 
sure and fall in peripheral arterial pressure is again con¬ 
firmed. With increasing intrapericardial pressure, pul¬ 
monary venous pressure (or “pulmonary capillary”) is 
found to rise in every case. In spite of this consistent 
rise in pulmonary venous pressure, the filling gradient of 
the left ventricle (pulmonary venous pressure minus 
intrapericardial pressure) gradually becomes zero. At 
this point in the procedure peripheral arterial pressure 
falls precipitously. Depending on its resting level, mean 
pulmonary arterial pressure rises or falls to approximate 
that level of pulmonary venous pressure which is reached 
at the height of tamponade. 

These experiments, therefore, for the first time make it 
clear that in tamponade there is congestion of the pul¬ 
monary vascular system as well as of the systemic vas¬ 
cular system. The significance of these observations will 
be discussed. 

Observations on Renal Mechanisms for Sodium and Po¬ 
tassium Excretion in ACTH-induced Diuresis of 
Nephrotic Edema. Jack Metcoff, C. P. Range and 
N. Nakasohe, Boston, Mass. (Introduced by C. A. 
Janeway). 

The renal capacity to excrete osmotic loads delimits 
some aspects of tubular function. Insulin and para- 
arainohippurate clearances with coincident loads of sodiiun 
salts of the non-reabsorbablc anions SjOi“ and PAH— 


were obtained initially in three edematous nephrotic chil¬ 
dren and subsequently before, during, and after ACTH- 
induced diuresis. Comparable load studies were done in ' 
normal untreated children. 

Relative osmotic diuresis occurred in nephrotics despite 
edema or ACTH therapy. Patterns of fixed-cation excre¬ 
tion varied. Sodium plus potassium excretion usually ex¬ 
ceeded that of non-reabsorbable anion. Cation excess was 
largely balanced by diminished chloride reabsorption. 

The aliquot of infused sodium contributing to the tubu¬ 
lar load (fractional filtered load) was estimated from 
retention, concentration and apparent volume of distribu¬ 
tion. Normal children excreted the total fractional fil¬ 
tered load plus additional quantities of filtered sodium to 
satisfy obligatory anion demands. Edematous nephrotic 
children reabsorbed 50-90 per cent of the fractional filtered 
sodium load. This reabsorption appeared asymptotic. 
ACTH-induced diuresis began during therapy. Coinci¬ 
dentally, and in the non-edematous state thereafter, re¬ 
absorption of the sodium load was markedly curtailed. 

Osmotic diuresis of potassium occurred with NajSiOi 
and NaPAH loads during edema. Potassium excretion 
exceeded amounts simultaneously filtered in over seventy 
periods. During and after ACTH-induced diuresis, potas¬ 
sium excretion was largely independent of urine flow, 
simulating the normal load response. 

These observations suggest that during nephrotic edema, 
renal tubular cells excessively but not maximally reabsorb 
sodium. Further reabsorption of a superimposed sodium 
load occurred during ACTH therapy, unless diuresis of 
edema fluid had begun. With diuresis, sodium reabsorp¬ 
tion was markedly reduced. Potassium excretion, rela¬ 
tively unaltered by ACTH therapy, conformed with the 
hypothesis of tubular cation exchange. Potassium secre¬ 
tion suggested a more distally located mechanism for rapid 
mobilization of cation. 

ACTH-induced diuresis may be mediated by relative 
sodium rejection and concomitant restoration of normal 
potassium transfer by renal tubular cells. 

Relationship of Allantoin and Endogenous Creatinine 

Clearances to Glomerular Filtration Rate in Man. Ben¬ 
jamin F. Miller,* Alexander Leaf, Aodley R. 

Mamby and Zelma Miller, Boston, Mass. 

The allantoin, the endogenous creatinine chromogen, 
and the specific creatinine clearances have been proposed 
for the determination of the glomerular filtration rate 
to obviate the intravenous infusion required by the inulin 
clearance. In this study we have compared these three 
clearances with the inulin clearance to assay their relia¬ 
bility for filtration measurements. 

In seven patients with a variety of renal lesions, clear¬ 
ance ratios were determined in a total of twenty-two pe¬ 
riods. The allantoin clearance equalled the inulin clear¬ 
ance in seven periods, and was lower in the other fifteen. 

In eight comparisons, the ratio of allantoin to inulin 
clearance fell below 0.8. Ratios of 0.73, 0.75, and 0.64 
were observed in a patient with severe cardiac failure. 

The clearances of creatinine chromogcn (“apparent ere- 
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atinine”) and of specific creatinine did not prove accept¬ 
able as true measures of filtration rate. Creatinine chro- 
Mto^cn/inulin ratios as high as 1.64 were obtained in a 
patient suffering from long-standing glomerular nephritis, 
and as low as 0.56 in the cardiac patient mentioned above. 
The highest specific creatinine/inul'm clearance ratio, 
1.74, was obtained in the patient with the lowest renal 
function (average inulin clearance of ten cc.). The low¬ 
est ratio, 0.98, was found in the patient with severe cardiac 
failure. The endogenous creatinine chromogen was de¬ 
termined by the Bonsnes and Taussky modification of the 
Jaffe reaction. Specific creatinine was measured by the 
Miller-Dubos enzymatic method. 

The variations in clearance ratios of allantoin/inuHn 
and endogenous creatinine/inulin are interesting because 
they may eventually lead to a better understanding of tu¬ 
bular function in various renal syndromes. We feel, how¬ 
ever, that the variations are so large that the allantoin 
and creatinine clearances should be considered unreliable 
measures of filtration rates in disease. 

Erythrocyte and Serum Cholinesterase in Ulcerative Co¬ 
litis. Hugo C. Moeller, J. Alfred Rider and Joseph 
B. Kirsner,* Chicago, Ill. 

Hyperactivity of the parasympathetic nervous system 
with resultant hypermotility of the bowel has been im¬ 
plicated in the pathogenesis of ulcerative colitis. The 
neurogenic hyperfunction may be accompanied with an 
increased concentration of acetylcholine, and, corre¬ 
spondingly, cholinesterase, at the myoneural junction. 
Whereas serum cholinesterase parallels the nutrition of 
the individual, erythrocyte cholinesterase may reflect 
cholinesterase at the myoneural junction. 

Cholinesterase activity was measured by the Warburg 
manometric technique in 50 normal individuals and in 35 
patients with ulcerative colitis; results are expressed as 
microliters of COj liberated during an average S-minute 
period by 0.1 cc. of serum or erythrocytes. In the normal 
group, erythrocyte cholinesterase varied from 71 to 102, 
averaging 86; serum cholinesterase ranged from 27 to 46, 
averaging 36. In active ulcerative colitis erythrocyte 
cholinesterase tended to be higher, ranging from 79 to 
137, averaging 99; serum cholinesterase was lower than 
normal, varying from 11 to 36, averaging 23. Erythro¬ 
cyte cholinesterase was normal in patients with myas¬ 
thenia gravis, gastric carcinoma and polycythemia vera. 
However, high values were observed also in peptic ulcer 
and pernicious anemia, indicating that the increased 
erythrocyte cholinesterase in ulcerative colitis is not 
specific for this disease. 

Twenty-four patients with moderate to severe colitis 
received ACTH or cortisone; the clinical response was 
good in most cases. During the active stage, erythrocyte 
cholinesterase ranged from 81 to 137, averaging 108; se¬ 
rum cholinesterase varied from 8 to 34; averaging 22. 
At the time of greatest improvement during ACTH 
therapy, erythrocyte cholinesterase ranged from 72 to 104, 
with a mean of 85; serum cholinesterase varied from 17 
to 44, averaging 27. Fluctuations in erythrocyte cholines¬ 


terase paralleled tlie recurrences and remissions of ulcera¬ 
tive colitis. 

Studies on in vitro Potassium Accumulation. Gilbert 

H. Mudge, New York, N. Y. (Introduced by John V. 

Taggart). 

Thin slices of rabbit kidney cortex lose K during prepa¬ 
ration in chilled isotonic NaCl and reaccumulate K from 
a low external concentration (10 mEq./I.) during incuba¬ 
tion under optimal conditions. The process of - re¬ 
accumulation was studied with simultaneous measure¬ 
ments of tissue respiration and electrolyte composition. 
K accumulates as a net exchange for Na. Depression of 
aerobic oxidation by drug action, changes in oxygen ten¬ 
sion, temperature, etc., produces a simultaneous depression 
in K uptake. 

All metabolic inhibitors which depress respiration like¬ 
wise depress the accumulation of K. Anoxic anoxia, 
cyanide and arsenite depress these functions in a parallel 
manner. A larger group of compounds (including azide, 
mercuric chloride, organic mercurials and Benemid) have 
a marked effect on electrolyte metabolism at concentra¬ 
tions significantly lower than those required to depress 
oxygen consumption. Studies of 2,4-dinitrophenol and 
related compounds showed a good correlation between 
depression of K uptake and inhibition of the generation 
of high energy phosphate bonds. Inhibitors of carbonic 
anhydrase, cholinesterase and alkaline phosphatase had no 
effect on K accumulation. 

Tissue hydration was slightly increased by anoxic 
anoxia but more so by specific inhibitors. Tissue osmotic 
pressure (measured as the sum of Na plus K) remained 
essentially constant, regardless of changes in water con¬ 
tent, in every experiment with a constant external osmotic 
pressure. Depression of metabolic activity is, therefore, 
associated with an isosmotic increase in tissue hydration. 
No evidence was found to support the concept that the 
cells are normally hypertonic to their environment. 

K accumulation is regarded as an example of active 
transport. Conditions affecting net accumulation are now 
being examined with the use of radioactive K. 

An Esthnation of Portal Venous Pressure by Occlusive 

Catheterisation of an Hepatic Venule. J. D. Myers* 

and W. Jape Taylor, Durham, N. C. 

Knowledge of portal venous pressure in man is confined 
largely to measurements at laparotomy. A ready estimate 
of portal venous pressure in intact man would be valuable 
in diagnosis and in correct assessment of the therapeutic 
procedures such as porto-caval shunts. Dexter s experi¬ 
ence that pulmonary “capillary” pressure is reflective of 
pulmonary venous pressure suggested similar exploration 
of the more complex hepatic circulation. 

In 18 observations on 10 cats, selected because of simi¬ 
larity of the feline and human hepatic circulations, 
sures, measured through an intravenous catheter passe 
occlusively into a distal hepatic venule, ranged from to 
13.5 mm. Hg (mean 8.6). Almost simultaneous direct 
terminations of portal venous pressure agree r ose 
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(mean difference 0.6 mm. Hg; range —3.5 to +2.5). 
Epinephrine raised both pressures to a similar degree. 
Ligation of the hepatic artery caused no significant re¬ 
duction in either pressure. 

In 12 humans without liver disease, the mean pressure 
was 4.8 mm. Hg in an hepatic venule occluded by a 
catheter passed via an antecubital vein. The free pres¬ 
sure in a large central hepatic vein averaged 3.3 mm. Hg, 
there being no significant gradient between the two pres¬ 
sures. Blood withdrawn from occluded hepatic venules 
had essentialy identical glucose and oxygen contents with 
hepatic venous blood indicating no massive circulatory 
obstruction from the catheterization. 

Seven patients with portal hypertension from Laennec’s 
cirrhosis gave pressures in the occluded venule from 11.5 
to 32 ram. Hg (mean 20.1). These pressures agree in 
magnitude with portal venous pressures recorded by 
others at laparotomy in portal hypertension. The pres- 
siiKS between the control and hypertenave groups did 
not overlap. The pressure gradient from the occluded 
venule to a central hepatic vein in the cirrhotics averaged 
14.4 mm. Hg in contrast to the small normal gradient. 

These preliminary studies suggest that the pressure re¬ 
corded from an occluded hepatic venule is indicative of 
portal venous pressure and can be used to estimate portal 
hypertension in man. 

The Crystallisation of "Direct" and "Indirect" Bilirubin 
from Human Serum and Their Respective Properties. 
ViCToa A. Najjar* and Barton Childs, Baltimore, 
Md. 

Serum (0.1 —1.0 ml.) from patients with jaundice is 
brought to pH 6.0 extracted into ether and from ether 
into pyrophosphate buffer pH 9.0. The pH is then lowered 
to 7.4 and cooled to 4°C. Crystals from “indirect” serum 
form readily and are long thin needles with occasional 
plates, whereas, crystals from “direct” serum are slow 
forming and are short blunt rods. The extracted bilirubins 
retain their respective “direct” and "indirect” diazo char¬ 
acteristics, are free of protein, dialyzable, and have an ab¬ 
sorption maximum at 440 m/x in pyrophosphate buffer 
pH 8.2. Under appropriate conditions they can recom¬ 
bine with normal non-jaundice serum, retain unaltered 
diazo characteristics, become non-dialyzable at pH 7-8.2, 
and the absorption maximum shifts back to 470 mu where 
it was in the original jaundice serum. “Indirect” bilini- 
bin combines equally well with albumen and y globulin 
on a molar basis. It becomes "direct” reacting after mild 
alkali treatment pH 10.5 with a release of acidic groups. 
This reaction is not reversible. Upon fractionation with 
ammonium sulfate the original “indirect” jaundice serum 
and the “indirect” pigment combined with normal serum 
behave identically. Bilirubin begins to come down with 
the proteins at 0.28, reaches a maximum at 0.40 and is 
completely precipitated at 0.48 saturation. Similarly, 
“direct” jaundice serum and “direct” bilirubin recombined 
with normal serum behave the same. The “direct” biliru¬ 
bin, however, begins to come down at 0.38, reaches a maxi¬ 
mum at 0.44, and precipitates completely at 0.56 saturation. 


The Effects of Pilressin on the Excretion of Water and 
Electrolytes in Normal Subjects and Patients suith 
Cirrhosis of the Liver and Ascites. William P. Nel¬ 
son, III, and Louis G. Welt, New Haven, Conn. (In¬ 
troduced by David M. Kydd). 

Normal subjects and patients with cirrhosis of the liver 
and ascites have been compared with respect to the in¬ 
tensity and duration of their response to pitressin. An 
infusion of 5 per cent glucose in water was administered 
so as to attain and maintain a positive balance of one liter 
of water throughout the entire study. This promotes a 
relatively steady maximal rate of excretion of water, due, 
presumably, to a continuous suppression of secretion from 
the posterior pituitary gland. Two and one-half or one 
hundred milliunits of pitressin were then administered in¬ 
travenously, which was followed by a sharp antidiuresis. 
The rates of excretion of electrolytes and water were ob¬ 
served until the latter returned to the original maximal 
fevef. 

There was no difference between the normal and the 
cirrhotic groups in the time required to attain a maximal 
rate of excretion of water from the original hydropenic 
state although these rates were strikingly lower in cer¬ 
tain of the cirrhotic patients. The per cent decrease in the 
rate of excretion of water was greater with the larger dose 
of pitressin but did not differ in the two groups. In ad¬ 
dition, the time required for recovery from the antidiuresis 
was the same in the normal subjects and patients with 
cirrhosis. In all except one instance the rates of excre¬ 
tion of sodium and chloride decreased. 

There is no evidence of a delayed inactivation or excre¬ 
tion of endogenous antidiuretic hormone in patients with 
cirrhosis of the liver as compared with normal subjects, 
nor is there evidence of increased sensitivity, delayed inac¬ 
tivation or excretion of administered pitressin in these 
doses. Pitressin did not promote an increased rate of 
excretion of sodium or chloride. 

Changes in Plasma and Erythrocyte Sodium, Potassium, 
and Water During Recovery from Diabetic Coma. 
George Nichols, Jr. and Nancy Nichols, Boston, 
Mass. (Introduced by Alexander Marble). 

Changes in plasma and erythrocyte sodium, potassium, 
and water in ten cases of recovery from diabetic coma 
were studied. No patients had evidence of intrinsic renal 
damage. 

Values obtained were compared with those found by the 
authors in thirty-seven normals. Total plasma and red 
cell volumes were calculated by a new method presented 
by the authors. 

On admission, plasma was depleted of sodium and wa¬ 
ter and total potassium. Erythrocytes showed normal wa¬ 
ter, low sodium and potassium. 

During tlie early stages of treatment, where large 
amounts of 0.85% sodium chloride and insulin were 
given, plasma water and sodium were restored rapidly to 
normal values. Plasma potassium dropped precipitously 
in concentration and also showed a drop in total quantity. 
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The red cells became dehydrated and showed a loss in 
total potassium during this period. 

In the latter stages of recovery, when patients had re¬ 
sumed normal, oral diets, erythrocyte water and potas¬ 
sium slowly returned to normal, often requiring eight to 
ten days. Plasma potassium reached normal concentra¬ 
tions in four to ten days. 

Red cell sodium values were slightly low on admission, 
fell during therapy, and returned towards normal with 
the potassium. In some cases, this return was slower 
than that of potassium. 

No correlation between these electrolyte and water 
changes and the level of the blood sugar, either at the 
outset or during therapy, was apparent. 

Effect of Sodium Depletion and Repletion on Renal Func¬ 
tion and Body Fluids During Uremia. J. F. Nickel, P. 
Lowrance and E. Leifer, New York, N. Y. (Intro¬ 
duced by Joseph C. Turner). 

“Azotemie par manque du sel” is generally attributed 
to diminished glomerular filtration secondary to a change 
in body fluid volume during salt deprivation. Studies of 
the effect of sodium depletion in four patients with renal 
insufficiency due to malignant nephrosclerosis, chronic 
diffuse glomerulonephritis and polycystic disease have re¬ 
vealed that hypofiltration may develop under these con¬ 
ditions without change in arterial pressure or in composi¬ 
tion and volume of body fluids. Following control de¬ 
terminations, rapid depletion of body sodium was achieved 
by salt-poor diet and ingestion of a cationic exchange 
resin (Lilly), 45 to 60 Grams per day for six days. After 
this period, filtration (inulin clearance) had fallen by 45 
per cent, on the average, although it did not change in 
one normal subject. P-aminohippurate clearances fell 
to approximately the same extent in all, presumably in¬ 
dicating intra-renal vasoconstriction. The blood urea ni¬ 
trogen rose sharply in two during sodium withdrawal. 
Sodium and chloride output diminished markedly but not 
to the same extent as in the normal. Potassium excretion 
increased somewhat in the patients with renal insufficiency 
but fell in the normal. Despite these changes serum elec¬ 
trolyte concentrations were not significantly affected and 
there was no appreciable alteration in total body water 
(antipyrine), extracellular water (inulin space), and 
plasma volume (T-1824). Maximal PAH excretion di¬ 
minished in every instance, roughly to the same extent as 
electrolyte excretion. PAH loading resulted in augmented 
output of sodium; the urinary hydrogen ion concentration 
rose in the normal under these conditions but not in the 
others. In the latter, sodium depletion appeared to exag¬ 
gerate potassium output during PAH loading so that 
potassium clearances exceeded inulin clearances. These 
alterations appeared to be reversible and cleared on re¬ 
pletion with sodium. 

Clinical Evaluation of Various Types of Ballistocardio- 
graphs. John L. Nickerson, James A. L. Mathers 
and Douglas S. Sjoberg, New York, N. Y. (Intro¬ 
duced by Robert L. Levy). 


In view of the differing physical characteristics of the 
numerous ballistocardiographs in current clinical use a 
series of observations has been made on a group of nor¬ 
mal individuals and a group of patients with cardiovascu¬ 
lar disorders using representative instruments of the 
various types. In the normal group, pattern similarity 
with the various instruments is more frequent than in 
the cardiovascular group where one may, witli certain 
instruments, fail to detect obvious cardiovascular abnor¬ 
malities. Observations made on patients in whom the 
clinical status was improved by surgical or drug therapy 
have also shown the inability of certain instruments to 
detect changes towards normal. In an attempt to ex¬ 
plain the divergences between the patterns obtained with 
the various ballistocardiographs, tiieoretical and experi¬ 
mental studies have been made and will be discussed. 

Postural Changes in the Cerebral Circulation, Studied by 
Continuous Oxhnetric and Pressure-Recording Tech¬ 
niques. John L, Patterson, Jr., and John L, Can¬ 
non, Atlanta, Ga. (Introduced by A. J. Merrill). 

Under conditions in which the oxygen uptake of the 
brain remains essentially constant, the reciprocal of the 
cerebral arteriovenous oxygen difference, l/(A-V)o;, will 
vary directly with the cerebral blood flow (CBF). Ad¬ 
vantage can be taken of this relationship to measure 
changes in CBF continuously. Studies with the nitrous 
oxide technique have shown tliat the mean cerebral oxy¬ 
gen consumption ■ during 65’ head-up tilting does not 
change in non-fainting subjects. 

In the present studies continuous measurements of cere¬ 
bral (A-V)o 3 difference were made with two absolute¬ 
reading oximeters. Per cent arterial oxyhemoglobin satu¬ 
ration was obtained with an earpiece, and internal jugular 
venous saturation with a cuvette. Blood was withdrawn 
at constant slow rate through the cuvette with a syringe- 
pump. Arterial and jugular venous pressures were re¬ 
corded from strain gauges mounted at ear level. 

In ten non-fainting subjects, tilted head-up to 65°, the 
fall in CBF, indicated by changes in l/(A-V)o 5 , averaged 
20 per cent, but varied from 0 to 40 per cent. In four 
other subjects, smaller angles of tilt produced smaller 
changes in CBF. 

The CBF began to fall within one minute after tilt and 
on return to recumbency promptly rose to or above base¬ 
line levels. Jugular venous and arterial pressure changes 
showed directional correlation. In most subjects jugular 
pressure fell to subatmospheric levels after tilt, contribut¬ 
ing materially to the net cerebral perfusion pressure 
(NCPP = arterial-internal jugular venous pressure). 

Both in postural hypotension and vasodepressor syncope 
(four subjects) fainting occurred when the NCPP ap¬ 
proached 15 mm. Hg. The NCPP and l/(A-V)oa cor 
related closely until syncope became imminent. In a 
postural hypotensive the NCPP and CBF progressively 
fell until the faint occurred, whereas in normals both 
functions were readjusted at a lower level after ti t an 
later fell precipitously just before the faint. 
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The Cerebral Circulation and Metabolism in Chronic 
Pulmonary Emphysema with Observations on the Ef¬ 
fects of Inhalation of Oxygen. John L. Pattebson, 
Jr., Albert Heyman * and T. Whatley Duke, At¬ 
lanta, Ga. 

Reduction in arterial oxygen tension or elevation of 
carbon dioxide tension have dilator effects upon cerebral 
blood vessels. Similar changes in blood gas tensions 
often develop in chronic pulmonary emphysema. The 
administration of oxygen to such patients alleviates the 
ano.xemia but may result in untoward reactions, such as 
drowsiness and convulsive seizures. 

The cerebral blood flow (CBF) and o.xygen consump¬ 
tion (CMROj) were determined by the nitrous oxide 
technique before and during the administration of oxygen 
in nine patients with chronic pulmonary emphysema, seven 
of whom had cor pulmonale, and in eight control subjects. 

The CBF in the patients with emphysema was elevated 
to a mean value of 68 cc., compared with SO cc./lOO Gm. 
brain/min. in the control subjects, while the CMROj was 
slightly below the control value. There was a tendency 
for patients with the lowest values for arterial pOj and 
the highest values for pCOj to show the highest blood flow 
values, and the converse was also true. During inhalation 
of 85-100 per cent oxygen, the mean CBF in the patients 
with emphysema rose to 79 cc., but in contrast, fell by 
12 per cent in the control subjects. The maximum CBF 
attained during o.xygen inhalation was 113 cc./lOO Gm./ 
min. Two patients who had the lowest flow values while 
breathing air showed a decrease in CBF with oxygen. 
The mean CMROj did not change and mental aberrations 
did not develop durmg the 30 minutes of oxygen 
administratioiL 

The increased CBF found in the emphysematous pa¬ 
tients breathing air was probably a reflection of the high 
mean arterial pCOj of 58 mm. Hg and low pOj of 39 
mm. Hg. Oxygen inhalation, by depressing pulmonary 
ventilation, caused a further increase (12 mm. Hg) in 
pCOj. This increase in pCOj apparently more than offset 
the much larger rise in pOj, and thus produced an in¬ 
crease in cerebral blood flow. 

Comparative Studies of Cortisone Administered Orally 
and Intramuscularly to Patients with Rheumatoid 
Arthritis. M. Patterson, C. H. Adams and C. Ste¬ 
venson, New York, N, Y, (Introduced by Richard 
H. Freyberg). 

During one year, in approximately sixty patients with 
rheumatoid arthritis, the effects of cortisone administered 
orally have been compared to effects of this hormone in¬ 
jected intramuscularly. Usually cortisone was given by 
both routes at different times in the same patients. 

Most effects were strikingly similar whether the hor¬ 
mone was given orally or parenterally. There were some 
significant differences. Cortisone is absorbed more 
quickly from the gut than from the muscles, as shown by 
a quicker antirheumatic effect and an earlier reduction in 
circulating eosinophiles. The same single dose of hor¬ 
mone produced quicker antirheumatic effects when given 


orally, but the effects disappeared more quickly than when 
it was given intramuscularly. 

Many schedules of administration were studied and 
compared. Usually the most effective manner of adminis¬ 
tration of cortisone orally was in three doses at approxi¬ 
mately six hour intervals, beginning on arising, with one 
third to one half of the daily amount given in the first 
dose, and one third or one fourth given in the second and 
third doses. When so administered, equivalent clinical 
effects were produced orally by 1.2 times the daily intra¬ 
muscular dose—a surprisingly low ratio. No important 
undesirable effects resulted from oral administration. 
Cirrhosis of the liver, gastric anacidity and partial gas¬ 
trectomy did not alter the effectiveness of orally adminis¬ 
tered cortisone. Smoother effects were usually obtained 
by the hormone orally. 

Effectiveness of Corticotropin Suspensions. R. W. Payne, 
I. N. Rosenberg, M. S. Raben, A. P. Cleroux and 
E. B. Astwood,* Boston, Mass. 

Partly purified corticotropin made in this laboratory by 
adsorption on cellulose was found to be therapeutically 
effective in a dose of 1 mg. given every eight hours. This 
preparation facilitated studies on different methods of ad¬ 
ministration; it could be injected intravenously and could 
readily be incorporated in small volumes of various media 
designed to prolong absorption from subcutaneous sites. 

The subcutaneous injection of 1 mg. in saline was fol¬ 
lowed by a maximal urinary ketosteroid excretion in three 
to five hours and a return to normal or subnormal values 
after six to eight hours; there was a parallel clinical 
response. A single dose of 4 mg. suspended in 0.5 cc, of 
sesame oil produced an increase in ketosteroid excre¬ 
tion lasting 36 to 48 hours with therapeutic effectiveness 
over this length of time. 

Used in the treatment of rheumatic and allergic dis¬ 
eases in a dose of 4 to 8 mg. every 24 or 48 hours, it was 
found to be effective in all of twelve trials when given once 
daily, and in six of nine trials when injected once every 
two days. Severely ill patients required daily injections; 
ambulatory patients showed satisfactory responses to 48 
hourly doses for as long as treatment was given (four to 
six weeks). 

The purified corticotropin preparation was found to be 
adsorbed strongly by small amounts of powdered oxidized 
cellulose and the aqueous suspension could be given sub¬ 
cutaneously. Although optimal conditions have not thus 
far been established, observations on seven patients indi¬ 
cated therapeutic effectiveness for 18 to 24 hours. 

A Comparison of the Metabolic Effects of the Adrenal 
Cortical Steroids, Compounds A, E, F and S Acetate. 
Olof H. Pearson, Leonard P. Eliel and Vincent P. 
Hollander, New York, N. Y. (Introduced by C. P. 
Rhoads). 

Microcrystalline, aqueous suspensions of Compounds 
A, E, F (Kendall) and S (Reichstein) acetate were ad¬ 
ministered intramuscularly to 4 patients with chronic 
lymphatic leukemia. Metabolic balances of N, P, K, Ca, 



666 


PROCEEDINGS OF THE FORTY-THIRD ANNUAL MEETING 


Na and Cl were obtained. The steroids were given at in¬ 
tervals of 6 hours in a daily dosage of 100 to 800 mgs. for 
periods of 10 to 24 days. The effects of Compounds E 
and F were compared in 2 patients, Compounds E and S 
in one patient. Compound A only was studied in one pa¬ 
tient. 

Compound E in a daily dosage of 100 to 200 mgs. regu¬ 
larly produced negative balances of N, K, P and Ca, and 
positive balances of Na and Cl. 

Compound F in a daily dosage of 100 to 200 mgs. pro¬ 
duced negative balances of N, K, P and Ca of approxi¬ 
mately the same order of magnitude as that obtained 
with Compound E. However, Compound F in amounts 
up to 400 mgs. per day failed to induce retention of Na and 
Cl. 

Compound A in a daily dosage of 100 mgs. produced 
marked retention of Na and Cl, but in daily amounts up 
to 800 mgs. was without significant effect on N, K, P 
and Ca balances. 

Compound S in a daily dosage of 200 mgs. produced 
slight retention of Na and Cl which was of less magni¬ 
tude than that produced by similar amounts of Compound 
E. Compound S produced no significant effect on N, K, 
P and Ca balances. 

Compounds E and F induced shrinkage of lymphoid tu¬ 
mor masses and a rise in white blood count, whereas 
Compounds A and S were without effect on lymphoid 
tissue. 

These observations indicate qualitative as well as quan¬ 
titative differences in the physiologic effects of the adrenal 
cortical steroids, as indicated by the separation of effects 
on protein and Na and Cl metabolism. 

An In Vivo "Oxygen Dissociation Curve." Raymond 

Penneys, Philadelphia, Pa. (Introduced by Hugh 

Montgomery). 

By means of the Millikan oximeter and the oxygen 
(polarographic) electrode, simultaneous measurements of 
the arterial oxygen saturation of the blood and oxygen 
tension of warm skin were made in vivo, in normal hu¬ 
man subjects. It has been shown previously that skin 
having a fast circulation has an oxygen tension approxi¬ 
mately that of the arterial blood. The electrode used was 
the stationary open type platinum micro-electrode which 
measures relative changes in oxygen tension. The arterial 
saturation was decreased, or increased, by the inhalation 
of gases of varying oxygen concentration. A total of 
twenty-one experiments were done. 

When the saturation was lowered to 85 per cent, the 
tension fell to 51 per cent of the original reading, obtained 
while the subject was still breathing room air. At 80 per 
cent saturation it was 42 per cent; at 75 per cent, 39 per 
cent; and at 70 per cent saturation, 35 per cent. When 
the arterial saturation was increased to 98 per cent, the 
oxygen tension rose to 135 per cent. At 99 per cent satu¬ 
ration it was increased to 180 per cent, and at 100 per cent 
saturation, to 460 per cent. When these oxygen tension 
and arterial saturation values are plotted against one an¬ 
other, a curve is evolved which is almost identical to the 
in vitro oxygen dissociation curve for blood. 


The oximeter and oxygen electrode tlicrcfore allow 
measurements related to the dissociation of blood to be 
made in vivo. These methods rcciuirc considerably less 
time and skill than the m vitro methods and give con¬ 
tinuous, dynamic information. Applications arc being 
made at the bedside of critically ill patients. 

Altered Metabolic Response Prior to the Development of 

Hypertension in a Patient with Hypertensive Vascular 

Disease. Geouce A. Peuera,* New York, N. Y. 

Evidence lias been obtained previously pointing toward 
variations in pressor response and disturbances in salt and 
water metabolism in patients with essential hypertension. 

A 27-ycar-old woman, selected because of a strong 
family history of hypertension and a positive cold pressor 
test, was found to have repeated casually-determined 
blood pressure values ranging between 116/72 and 134/84. 
Placebo injections failed to modify the arterial tension, 
whereas tlie administration of dcsoxycorticosterone, 10 
mgs. daily for five days, was associated with a rise in 
pressure to hypertensive levels. In addition, the rigid 
restriction of salt for 24 hours while on a constant diet 
resulted in weight loss of but OJ28 Kilos. Followed 
closely thereafter, persistent hypertension developed rather 
abruptly three months after the above tests, with evi¬ 
dence by exclusion that it was on the basis of hyper¬ 
tensive vascular disease. 

The failure to lose significant weight on salt withdrawal 
has been associated principally with uncomplicated hyper¬ 
tensive disease. An early pressor response to desoxy- 
corticosterone has been noted before only in hyperten¬ 
sives. Treated for similar brief periods, no modification 
of arterial tension occurred in over 20 normotensive adults, 
including a few subjects with vasomotor hyperreactivity. 

This study suggests that an altered metabolic response 
exists before the development of hypertension, but gives 
no indication as to whether such changes precede the 
onset of overt disease by more than a short margin. 
Nevertheless, it provides a further argument that hyper¬ 
tension is but a manifestation of disease and that further 
search is warranted for a metabolic factor in advance of 
the first outward signs of hypertensive vascular disease. 

The Determination of Cardiac Otitput by a Continuous 

Recording System Utilising the Injection of lodinated 
Human Albumen. W. H. Pritchard, W. J. 

MacIntyre, R. W. Eckstein and H. L. Friedell, 

Cleveland, Ohio (Introduced by Joseph M. Hayman, 

Jr.). 

In an effort to find a reliable method for determination 
of cardiac output which could be conveniently performe 
at repeated intervals of several days or weeks, calcu a- 
tion of cardiac output involving dilution of an injecte 
substance as a function of time has been used. Previous 
studies by Hamilton and Nylin have established the va i 
ity of the theory. 

Utilizing iodinated (P^) human serum albumen m 
small amounts (75~150nc), studies have been came ou 
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in dogs and man to test the accuracy of application of 
the method based on this tlieory. 

During tlie rapid injection of a few ccs. of the radio¬ 
active material, arterial blood was allowed to flow slowly 
through a small properly shielded tube over a scintilla¬ 
tion counter with the gamma activity recorded continu¬ 
ously by a Berkeley counting rate computer used in con¬ 
junction with a scaler and Esterline Angus graphic meter. 

By calculation from the dilution curve so inscribed, 
cardiac output was determined, and following a subse¬ 
quent 10 minute interval the final dilution (blood volume) 
level also recorded. Specific activity of the 10 minute 
arterial whole blood sample was measured in vitro in 
terms of w/cc., and the flow system calibrated by the 
observed response of the system fit vivo to this known 
activity at final dilution. 

In eight experiments on dogs the dilution method gave 
average values IS per cent higher than corresponding 
simultaneously recorded aortic rotameter flow values. If 
S per cent is added to the rotameter values to allow for 
the unmeasured coronary flow, an average agreement of 
+10 per cent is obtained with a range of -f- 5 to +16 
per cent. 

Preliminary studies on nine patients using cardiac cathe¬ 
ter technique for comparison has given satisfactory results 
in eight with an agreement within ± 9 per cent. 

In the method discussed no phase appeared critical ex¬ 
cept that of ensuring a sufficiently rapid flow past the 
counter. 

The Rate of Utilisation of Radioiron as a Measure of 
Bone Marrow Damage from Irradiation. J. E. Rall, 
Leon Hellman, Wendell Peacock and Rulon W. 
Rawson,* New York, N. Y. 

Fourteen patients have been studied before and after 
isotopic radiation from I“‘ calculated to have delivered 
from 33 rep (Roentgen equivalents physical) to 1300 rep 
to the blood as determined by measuring the level of cir¬ 
culating I“‘ and calculating the rep with Marinelli’s for¬ 
mulae. The degree of radiation damage as measured by 
changes in the peripheral blood was better correlated 
with the rep delivered to the blood than with the amount 
of 1“ administered. The doses of were inconsistently 
correlated with the rep delivered to the blood: a 300 railli- 
curie dose of 1“^, for example, delivered 188 rep and a dose 
of 254 millicuries delivered 765 rep to the blood. One 
death due to irradiation occurred after a total of 1300 rep 
delivered by five doses of I”* in 14 months. Changes in 
the formed elements of the peripheral blood were ob¬ 
served similar to those described by others. 

By studying radioiron utilization a decrease in the rate 
of hemoglobin synthesis following relatively small amounts 
of irradiation has been demonstrated. Four patients were 
given Fe“ before and after radiation and the rate of hemo¬ 
globin synthesis measured by frequent determinations of 
the hemoglobin radioiron levels. The curve of increase in 
radioactivity of hemoglobin was a simple exponential 
curve from which the time for half build up (TjA) in 
normal patients was 1.5 to 4 days. After irradiation T% 


increased to 3 to 6 days. A marked decrease in the rate 
of hemoglobin synthesis after as little as 100 rep was 
noted. This occurred in spite of the fact that there 
were no significant changes in the hemoglobin, red blood 
count or lymphocyte count. 

The change in the rate of hemoglobin synthesis as 
measured by Fe“ was the most sensitive single index of 
radiation damage. 

Antihyaluronidase Response Following Hemolytic Strep¬ 
tococcal Infection in Childhood. Lowell A. Rantz* 
and Joseph M. Di Caprio, San Francisco, California. 

The heat-stable serum streptococcal antihyaluronidase 
titers have been measured following Group A hemolytic 
streptococcal infection in a large number of infants and 
children using the mucin clot inhibition technique, and 
compared with the levels of antistreptolysin O simultane¬ 
ously determined. 

Three distinct patterns of antistreptolysin response in 
childhood have been previously reported. In one, the 
production of antibody was feeble and, in a second, brisk 
but poorly maintained. Children who exhibited either of 
these patterns failed to form measurable antihyaluronidase. 

A third group made large amounts of antistreptolysin O 
and levels were well maintained for long periods of time. 
Moderate to very high titers of antihyaluronidase were 
discovered following infection in many but not all of these 
individuals. 

Evidence can be presented which indicates that the 
changing patterns of antistreptolysin and of antihyaluroni- 
dase response result from the conditioning of the anti¬ 
body-forming apparatus by repeated infection by hemolytic 
streptococci. 

Antihyaluronidase may be a more feeble antigen or be 
produced in less effective amounts by certain strains. 

This information suggests the role of repeated infec¬ 
tion by hemolsrtic streptococci in the pathogenesis of rheu¬ 
matic fever, since antihyaluronidase is regularly present 
in the serum during the acute phase of the disease. 

Studies on Intravenous ACTH Administration. Albert 
E. Renold, George Maisteeeena and Peter H. For- 
sham,* Boston, Mass. 

ACTH has been administered intravenously to normal 
subjects and to patients with and without adrenal pathol¬ 
ogy. Quantitative relationships between dosage, dura¬ 
tion of administration and the adrenocortical stimulation 
obtained have been investigated. A standard intravenous 
ACTH test and an assay method for ACTH in man have 
been evolved. 

Confirming previous reports, the intravenous adminis¬ 
tration of relatively small amounts of ACTH was found 
to afford a rapid and maximal adrenal cortical stimulation, 
as measured by a fall in circulating eosinophils and a rise 
in urinary 17-ketosteroid excretion. No response was 
demonstrated in five patients following bilateral adrenal¬ 
ectomy. In normal subjects a straight-line relationship 
was established between ketosteroid excretion, ACTH 



668 


PROCEEDINGS OF THE FORTY-THIRD ANNUAL MEETING 


dosage (over a range from 0 to 15 mg. LA-l-A) and the 
duration of infusion for a constant dose. 

As the intravenous ACTH test, 20 mg. Armour ACTH 
were infused in SOO ml. diluent (saline or 5 per cent dex¬ 
trose) over eight hours. The ten hour eosinophil fall was 
always 90 per cent or more in patients without adrenal 
insufficiency and the rise in twenty-four hour ketosteroid 
excretion (7-22 mg.) afforded an estimate of the acute 
functional reserve of the adrenal cortex. No anaphylactic 
phenomena occurred with the slow intravenous infusion 
of commercial ACTH. 

The minimal amounts of ACTH and the quantitative 
relationships mentioned suggested use of the intravenous 
method as an assay of ACTH in man. Highly purified 
polypeptide mixtures and various commercial prepara¬ 
tions have thus been compared. 

Four patients “resistant” to ACTH after repeated 
courses of intramuscular administration showed no re¬ 
sponse either to intramuscular ACTH in doses of 25 to 
50 mg. every six hours for one to four days or to a con¬ 
tinuous intramuscular drip. They did, however, respond 
normally to the intravenous test. Increased tissue inacti¬ 
vation apparently plays an important part in acquired 
adrenocortical unresponsiveness. 

The Effect of an Inhibitor Fraction from Human Sputum 

on the Multiplication of Influensa Virus, Harry M. 

Rose,* New York, N. Y. 

Previous studies have indicated that human sputum 
contains different factors which a) Inhibit hemagglutina¬ 
tion by influenza virus (PR8 strain), b) reduce infec- 
tivity of the virus for mice and chick embryos, and c) en¬ 
hance infectivity of the virus for mice under certain cir¬ 
cumstances. A fraction has been obtained from sputum 
which inhibits infection of mice and chick embryos but 
possesses no enhancing properties; the inhibitor substance 
in this fraction deteriorates spontaneously unless frozen 
or lyophilized, is heat labile and is not specific antibody. 
Chick embryos were inoculated with 1000 EID50 of PR8 
virus by the chorioallantoic route and received one in¬ 
jection of the inhibitor fraction by the same route from 
1 to 6 hours later; in some experiments a second injec¬ 
tion of inhibitor was made 24 hours after the first. The 
amounts of infective virus and viral hemagglutinin in the 
chorioallantoic fluids and membranes of treated and control 
chick embryos were determined at daily intervals for 4 
days after primary inoculation. In treated embryos the 
multiplication of virus in the chorioallantoic membrane 
was delayed and decreased and the release of virus into 
the chorioallantoic fluid was reduced or entirely pre¬ 
vented. These effects were obtained in embryos given 
one injection of inhibitor as late as 6 hours after infection 
and were magnified by two injections of inhibitor. It is 
concluded that human sputum contains a substance which 
may restrain the multiplication of influenza virus within 
infected host cells, and that this substance may also modify 
tlie release of virus from these cells. The action of the 
inhibitor substance may be compared with the effect of 
Friedlander bacillus polysaccharide on mumps and PVM 


viruses, as reported by Horsfall and Ginsberg. The 
chemical nature of the inhibitor is unknown but other 
studies suggest that it may consist at least in part of car¬ 
bohydrate. 

The Influence of Cortisone on Water Diuresis in Man. 

Jack D. Rosenbaum, Robert K. Davis and Bruce C. 

Ferguson, Framingham, Mass. (Introduced by Mau¬ 
rice B. Strauss). 

The renal excretion of water and solutes has been stud¬ 
ied in 9 adult male patients free of renal or cardiovascular 
disease before, during, and after the parenteral adminis¬ 
tration of 200 or 500 mg. of cortisone daily. With tlie 
subject sitting, water was ingested in the morning to es¬ 
tablish and maintain a load of 1500 ml. for 3 to 8 hours. 
During cortisone administration, rates of urine flow 
reached 34 ml. per minute, exceeding control values by 
50 to 200 per cent. The excretion rates of sodium, potas¬ 
sium, chloride, urea and creatinine after water loading 
were similar in treatment and control studies. The aug¬ 
mentation of diuresis during therapy could be diminished 
by decreasing the dietary intake of sodium chloride. The 
rate of diuresis during successive collection periods de¬ 
clined if the excretion rate of sodium (and chloride) also 
fell; after such a decline, if assumption of the recumbent 
posture resulted in an increased rate of sodium excretion, 
the rate of diuresis rose again. 

During therapy, endogenous creatinine clearance often 
increased by as much as 100 per cent, but the magnitude 
of this increment bore a variable relationship to the in¬ 
crease in urine flow observed. Preliminary studies suggest 
that after therapy is instituted, Cof may increase several 
days before augmentation of diuresis occurs and that after 
therapy is discontinued Co^ may remain elevated after the 
rate of diuresis has returned to control values. 

Sensitivity to exogenous pitressin (IS milli-units intra¬ 
venously) was unaltered. 

Striking changes in the diurnal rhythm of the renal 
excretion of water, sodium, potassium and chloride were 
regularly observed. The normal nocturnal suppression of 
water and electrolyte excretion was often completely elimi¬ 
nated and always diminished. Ambulatory subjects 
showed an actual reversal of the rhythm; the nocturnal 
rates of water and electrolyte excretion exceeded those 
of the day. 

The Mechanism of Anemia in Leukemia and Malignant 

Lymphoma. J. F. Ross,* C. L. Crockett, Jr. and 

C. P. Emerson, Boston, Mass. 

The anemia developing in patients with leukemia, 
lymphoma and other neoplastic diseases is obscure as to 
mechanism and pathogenesis. The usually accepted con¬ 
cept that it is due to the mechanical crowding out of 
erythropoietic tissue by neoplastic cells is not, in the ma¬ 
jority of cases, confirmed by anatomic study. Neither 
does blood loss, an overt hemolytic process, or "toxic" 
bone marrow depression adequately explain the observe 
anemia. We have investigated the possibility that it may 
be caused by an increased rate of destruction of red cells. 
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We have evaluated the rate of blood destruction by 
simultaneously: 1 ) determining the quantitative fecal uro¬ 
bilinogen and calculating the hemolytic index from P“- 
dctermined red cell mass; 2 ) and by measuring the rate 
of disappearance of transfused normal erythrocytes in 
leukemic patients by methods of selective red cell ag¬ 
glutination. 

In ten patients with leukemia or lymphoma it has been 
demonstrated that the rate of destruction of erythrocytes 
is markedly increased. The differential agglutination 
studies indicated a rate of disappearance of transfused cells 
t^vo or three times more rapid than normal, and the he¬ 
molytic index was elevated considerably in the majority 
of subjects. Evidence was also obtained that the rate 
of formation of red blood cells was often increased. 
Only one of this group had the usual evidences of hemo¬ 
lytic disease such as reticulocytosis, hyperbilirubinemia 
or a positive Coombs test. 

These observations indicate that the anemia of leukemia 
and malignant lymphoma is due in large part to an in¬ 
creased rate of red blood cell destruction, and in many 
instances, in contrast to the generally accepted concept, 
the rate of red cell formation, instead of being diminished, 
may actually be accelerated. 

Relation of Abnormal Serum Components to Bence Jones 
Protein in Multiple Myeloma. R. W. Rundles,* G. R. 
Cooper and R. W. Willett, Durham, N. C. 

The significance of the abnormal protein components in 
the sera of patients with multiple myeloma has been studied 
in a series of 30 patients with the disease. Methods used 
included electrophoresis, diffusion and ultracentrifugation. 

Abnormal serum components, recognizable in the pat¬ 
terns of 25 of the 30 patients, varied from minute incre¬ 
ments to as much as 7-9 gm. per 100 cc. The electro¬ 
phoretic mobility of the serum components, 0.3-2,6, was 
equal to or less than that of the Bence Jones protein ex¬ 
creted by the same patient. Differences in mobility were 
confirmed by adding urinary protein to serum and by 
studying mixtures of Bence Jones proteins. 

There was no relation from patient to patient between 
the amount of abnormal protein in the serum and the 
amount of Bence Jones protein excreted in the urine, but 
in individual patients the serum increment remained pro¬ 
portional to the amount of Bence Jones protein in the 
urine as plasma cell growth was suppressed by therapy 
or as relapse occurred. 

Abnormal serum components had diffusion rates DJ,_ 
3.1-5.0 (in 10 patients) and sedimentation velocities 
—ti.l9-€.76 (in 14 patients). Calculated molecu¬ 
lar weights ranged from 120,000 to 200 , 000 , the majority 
between 140,000 and 160,000. 

Bence Jones urinary proteins were variable in diffusion 
and sedimentation rate, S®, - 57 = 2.44- 
4.40. The calculated molecular weight of Bence Jones pro¬ 
teins excreted by 10 patients was 24,000 (1), 32,000-42,000 
(4), 45,000-52,000 (3), 60,000 ( 1 ), and 90,000 ( 1 ). 

Our findings indicate that the serum increments in 
myeloma are homogenous abnormal proteins of high 


molecular weight Bence Jones proteins are moieties of 
low molecular weight, filterable through the glomeruli, 
apparently derived from the abnormal serum components. 

A Safe Immunologic Adjuvant for Enhancing the Height 
and Persistence of Antibody Response to Influenza 
Virus Vaccines fn Man. Jonas E. Salk,* Mary Lynch 
Bailey, and Angela M. Laurent, Pittsburgh, Pa. 

The results of field trials on influenza virus vaccines in¬ 
dicate the need for enhancing further the effectiveness of 
this immunizing agent. Various methods have been em¬ 
ployed in attempts to accomplish this, i.e., multiple inocu¬ 
lations, intracutaneous rather than subcutaneous injections, 
increasing virus concentration in the vaccine, and the ad¬ 
dition of certain immunologic adjuvants. Of these, only 
the use of the mineral oil adjuvant of Freund has yielded 
data sufficiently worthwhile to pursue further. When the 
Henles tried such adjuvants in humans, using the emulsi¬ 
fying agent Falba and mineral oil, they encountered ab¬ 
scesses in two out of eighty subjects and persistent 
nodules in the remainder. This discouraged further use 
of this preparation in man. However, in the course of 
other studies in this laboratory, using a different mineral 
oil (Bayol F) and another emulsifying agent (Arlacel A), 
it was observed in monkeys that when such mixtures were 
inoculated intramuscularly, no undesirable reactions were 
observed clinically. This prompted the extension of these 
studies to the problem of influenza virus vaccine, both in 
monkeys and in man, with very dramatic results in terms 
of enhancement and persistence of antibody response 
without undesirable side reactions. In addition, it was 
found that the amount of antigen could be reduced to 
very low levels and when combined with adjuvant is still 
effective in inducing the formation of high levels of anti¬ 
body. As of this writing, more than two hundred indi¬ 
viduals have been inoculated with such preparation with¬ 
out untoward effect and immunologic data over a six 
month period, in some, indicate a high degree of per¬ 
sistence of antibody well beyond the rknge achieved with 
vaccines in use at present A further effect has been the 
enhancement of antibody response over a broad range 
of the antigenic spectrum, especially for the type A strains 
that vary so widely in antigenic composition. 

Some Observations on the Mechanism of Delirium in 
Pernicious Anemia. Donald C. Samson, Scott N. 
Swisher, Richard M. Christian and George L. 
Engel,* Rochester, N. Y. 

Psychological disturbances in pernicious anemia are 
well known. Examination of 12 consecutive patients ad¬ 
mitted to our hospital revealed delirium to be the most 
common disturbance, occurring in 11. One of the 11 was 
also schizophrenic. 

In delirium the basic psychological disturbance is in 
level of awareness presumably due to some disturbance 
in cerebral metabolism. The purpose of this paper is to 
examine the relationship between the pernicious anemia 
process and the delirium. 

Techniques used were serial mental status examina- 
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tions particularly directed toward evaluation of the level 
of awareness; serial EEG’s with quantitative frequency 
analysis; and the usual hematological studies. 

Results: (1) 11 of 12 patients were delirious by clinical 
criteria at some time; (2) 8 of these 11 had slowing of 
the EEG consistent with delirium, 2 had records at lower 
limit of normal frequency but which became faster with 
clinical improvement. One had low voltage fast type 
record; (3) all 12 patients responded hematologically, 
some suboptimally, to treatment. One of these patients 
had improvement in mental status, EEG and RBC, but 
with no reticulocyte response, on transfusions alone. Of 
the 11 clinically delirious patients, 9 recovered completely 
from delirium, one improved, and one was unchanged. 
Because their clinical condition became much worse two 
days after admission, 2 patients did not have serial EEG’s. 
Of the 10 patients who improved, there was a correlation 
between onset of mental status improvement and the 
reticulocyte response in 8. In the 7 cases in which quanti¬ 
tative EEG studies could be done, EEG improvement 
correlated with the reticulocyte response and preceded 
the RBC rise in 5; one patient had clinical improvement 
without EEG change; one patient responded to trans¬ 
fusion alone without reticulocyte response. 

From this study the authors suggest the following: (I) 
that disturbance in cerebral function is common in per¬ 
nicious anemia; (2) that this disturbance is a primary 
metabolic one and not necessarily secondary to the ane¬ 
mia; (3) that it is reversible with specific therapy in 
most instances. 

Studies of Coronary Disease in the Experimental Animal. 
III. Polarographic Studies of Intramyocardial Oxygen 
Availability in Dogs with Acute Coronary Occlusion 
and Narrowing, Correlated with Epicardial Electro¬ 
cardiograms. John J. Sayen, Warner F. Sheldon, 
Harry F. Zinsser, P. T. Kuo, Orville Horwitz and 
David P. McCallie, Philadelphia, Pa. (Introduced by 
Charles C. Wolferth). 

Local oxygen availability in exposed dog hearts has 
been studied by an improved technique permitting read¬ 
ings from ten platinum electrodes per minute or continu¬ 
ous readings at individual sites. Based on electrode 
values during coronary occlusion, three myocardial zones 
could be distinguished: 1) “Central” areas, showing rapid 
falls in electrode readings to less than a quarter of con¬ 
trol values, 2) “Border" areas, falling more slowly and to 
a lesser degree, 3) “Remote” areas which show no signifi¬ 
cant change during occlusion. This physiological classifi¬ 
cation of myocardial areas by electrode values was con¬ 
sistent with the gross appearance of the heart when the 
ischemic regions’ borders could be discerned. The earliest 
epicardial electrocardiographic changes, even at the center 
of ischemic areas, were much less definite than the con¬ 
spicuous changes in oxygen electrode values, which ap¬ 
peared within ten seconds. 

Responses to pure oxygen inhalation before release of 
coronary occlusion were as follows: 1) electrode rises in 
central areas were rare, slight and transient, 2) border 


area electrode values regained more than a third of their 
initial fail in 68 per cent of instances, 3) remote elec¬ 
trodes regularly recorded large increases characteristic 
of normal muscle. 

Acute coronary narrowing had effects similar to occlu¬ 
sion but permitted more time to study the ischemic areas. 
Larger areas of the ischemic muscle behaved like “border” 
zones and consequently electrode rises were more fre¬ 
quent during oxygen administration before release of the 
narrowing. Electrocardiographic abnormalities in the 
border area sometimes tended to diminish when the oxy¬ 
gen electrode showed a rise in the same area. Fifty per 
cent oxygen inhalation produced much smaller increases 
than did pure oxygen. 

Conclusion: Platinum electrodes provide a fairly pre¬ 
cise, very sensitive means for studying localized myo¬ 
cardial ischemia and responses to oxygen inhalation. 
These experimental data support the inference that human 
myocardial infarction should be treated by measures pro¬ 
ducing maximal alveolar oxygen concentrations, 

Leptospiral Meningitis. Investigation of a Water-Borne 

Epidemic Due to L. pomona. Morris Schaeffer, 

Montgomery, Ala. (Introduced by Paul B. Beeson). 

In July of 1950, in the vicinity of Geneva, Alabama, a 
rural, peanut growing area, there occurred an epidemic 
of an influenza-like disease, attacking about 50 of ap¬ 
proximately 80 adolescents and young adults who had 
been swimming in the creek. An artificially enlarged por¬ 
tion of it was frequented as the local swimming hole. 
The summer had been hot and dry and the water shallower 
and slower moving than usual. Dead hogs had been seen 
floating in the creek and its branches. On July 4 the hole 
was crowded with swimmers. Two to 10 days later 
they began to develop chills and fever, headache, nausea, 
vomiting, arthralgia, myalgia, stiff neck and back. Many 
had conjunctivitis and photophobia, some chest pain, ab¬ 
dominal pain, constipation or diarrhea, a few transient 
maculo-papular rashes. None showed jaundice or other 
liver involvement. Spinal fluid findings on several were 
typical of aseptic meningitis. The duration of illness was 
5-14 days with occasional relapses but no complications 
or sequelae. 

Because of the abundance of rats and hogs on the outly¬ 
ing farms, agglutinations for leptospira were run on the 
paired serum specimens obtained from 22 of the involved 
individuals after possible viral and rickettsial agents were 
ruled out. Of these 18 showed antibody titer increases 
against L. pomona in a magnitude attributable to recent 
infection with this agent. A control group of sera from 
individuals of the same age group and locality but not 
swimming nor ill was negative. 

Since leptospirosis was not suspected at the outset, no 
attempts at isolation of leptospira were made and the water 
samples, frozen for virus isolation, were unsuitable. Ani¬ 
mal surveys could not be made until 3 months later when 
there had been considerable turnover especially among the 
hogs. However, some positive sera were found among the 
fe%v remaining hogs as well as cows, horses and mules. 
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An extensive rat survey yielded negative cultures and 
serum agglutinations for L. powona. 

This is the first description of such an epidemic in the 
United States. A similar outbreak due to L. grippolyphosa 
was reported recently to have occurred in a group of 
military personnel in France. 

The Effects of Intravoious Papaverine and Procaine on 
Cerebral Circulation and Metabolism. P. Scheindebg, 
H. \V. Jayne, 'll. Rich and M. S. Belle, Coral Gables, 
Fla. (Introduced by Frank L. Engel). 

Adequate therapy of many types of cerebral vascular 
accidents will depend upon agents which produce dilatation 
of cerebral vessels. In this study the nitrous oxide tech¬ 
nique for determining cerebral blood flow was used to 
measure the effects on the cerebral circulation of large 
intravenous doses of papaverine in one group of patients 
and procaine in another group. All age groups are repre¬ 
sented in the study; patients with known cerebral vascular 
disease were not included. Control studies were done 
prior to administration of the drug. 

Intravenous papaverine (180 mgm.) resulted in a 24 per 
cent increase in cerebral blood flow, a 21 per cent de¬ 
crease in cerebral arterio-venous oxygen difference, a 28 
per cent decrease in cerebral vascular resistance, and a 
12 per cent decrease in mean arterial pressure. Cerebral 
oxygen consumption was unchanged. Cerebral venous 
oxygen tension was slightly increased. The decrease in 
cerebral vascular resistance and increased blood flow are 
bdicative of dilatation of cerebral blood vessels, though 
the mechanism for this is not yet known. It should be 
noted that facial flushing was insignificant in these sub¬ 
jects. It was found that administration of papaverine 
must be accomplished over at least a 15 minute interval. 
Too rapid infusion of the drug may cause extreme drops 
in blood pressure and great apprehension on the part of 
the patient, with changes in cerebral circulation that can¬ 
not be attributed directly to the drug. 

Procaine (750-1000 mgm.) administered intravenously 
over a period of 12 to IS minutes produces no significant 
alteration in any of the cerebral metabolic functions, 
though our data indicate that further studies may show 
an increased cerebral vascular resistance following pro¬ 
caine. 

The Effects of Adrenocorticotropic Hormone lACTH') 

on Cerebral Blood Flow and Metabolism. James F. 

ScHiEVE, Peritz Scheinberg and William P. Wilson, 

Durham, N. C. (Introduced by W. M. Nicholson). 

While patients receiving adrenocorticotropic hormone 
(ACTH) usually show an increased sense of well-being 
and mild euphoria, a small number become psychotic. 
These clinical observations led to a study of cerebral blood 
flow by the nitrous oxide method. The oxygen consump¬ 
tion and glucose utilization per 100 gm. brain were ob¬ 
tained by multiplying the blood flow by the respective ar¬ 
terial-cerebral venous differences. 

A total of 44 observations on 14 patients was made (15 
before, 23 during, and 6 following ACTH). ACTH was 


given in full therapeutic doses (60-100 mgs. Armour or 
30-40 mgs. Wilson daily). One 12 year old child re¬ 
ceived 25 mgs. Armour daily. Measurements were made 
on therapy at least once and as often as four times at in¬ 
tervals varying from 7 to 56 days. 

On ACTH a significant reduction in cerebral blood 
flow occurred (61 to 50 ml./minute/lOO grams brain). 
This was accompanied by a significant widening of arterial- 
cerebral venous oxygen (5.8 to 6.5 vols. %) and glucose 
(8.2 to 10,1 mgs, %) differences. These were of sufficient 
magnitude to result in essentially unchanged cerebral 
oxygen consumption (3.5 to 3.2 ml. Oj per 100 gms. of 
brain per min.) and glucose utilization (4.9 to 4.9 mg. 
glucose per minute per 100 gms. of brain). A 32 per 
cent increase in cerebral vascular resistance occurred, but 
only a 9 per cent increase in mean arterial blood pressure. 

Six patients with initially low flows (below 50) with 
low CMROj (2.8) and CMR Gl, (3.6) showed no change 
in cerebral blood flow or metabolism on ACTH in spite of 
the usual clinical response. 

Two patients who became psychotic on ACTH re¬ 
vealed no change in cerebral metabolism or blood flow as 
measured by this method. 

Comparative Studies of the Biochemistry of Heart and 

Skeletal Muscle. Gerhard Schmidt, Maria Fuld, 

Ricardo Cubiles and Samuel Proger,* Boston, Mass. 

Both the skeletal and heart muscle of higher animals 
resemble each other with regard to their content of some 
eharacteristic constituents, for example, myosin and 
adenyl-pyrophosphate. A study of the literature, how¬ 
ever, reveals that they differ strikingly in many important 
aspects of metabolism and of chemical composition. As 
examples there are the well-known differences in content 
of substances such as cytochrome C, aldolase, and phos- 
phocreatine, as well as the striking difference in the be¬ 
havior of these tissues under anaerobic conditions. 

Because of the possible relationship of demonstrable 
biochemical differences to the special functional character¬ 
istics of heart and skeletal muscle a comparative study of 
both tissues has been undertaken. Thus far our studies 
have dealt with the content of phosphorylase and phospho- 
glucomutase of both tissues (in rats, rabbits, and dogs) 
as well as the content of bound and free |9-alanine in the 
heart and skeletal muscle of rats and beef. 

The phosphorylase content of heart muscle was found 
to be roughly about half that of skeletal muscle while the 
phosphoglucomutase content showed a much greater dif¬ 
ference in the two tissues. 

Bound fl-alanine in the form of carnosine and anserine 
constitutes, next to phosphocreatine, the predominant com¬ 
ponent of the nonprotein nitrogen fraction of skeletal 
muscle. On the contrary the heart muscle was found to 
contain only negligible quantities, if any, of free or bound 
^-alanine. 

Since the total nonprotein nitrogen fraction is quanti¬ 
tatively similar in both tissues and since the heart muscle 
contains only about Jio the amount of phosphocreatine as 
is found in skeletal muscle as well as practically no 
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<3-alanine compounds, it must be concluded that there 
exists a large content of nonprotein nitrogen substances 
peculiar to the heart muscle. We are at present attempt¬ 
ing to determine the nature of these substances. 

Relative Viscosity and Clotting Time of Whole Blood in 
the Healthy and in Those with Vascular Disorders. 
Robert A. Schnieder, New York, N. Y. (Introduced 
by Harold G. Wolff). 

Although the importance of an increase in blood vis¬ 
cosity coexisting with a shortened clotting time would be 
readily recognized, no definite studies of such simultaneous 
measurements in human subjects are available. Accord¬ 
ingly such measurements were undertaken on individuals 
subjected to a variety of stresses including 20 healthy sub¬ 
jects, 20 patients with essential hypertension, 8 patients 
with structural heart disease undergoing congestive fail¬ 
ure and S patients with thrombophlebitis. Clotting time 
was measured in siliconized tubes and relative viscosity 
was determined using a capillary viscosimeter. 

In healthy subjects shortened clotting time was uni¬ 
formly accompanied by a variable increase in blood vis¬ 
cosity. In certain cases hematocrits were determined and 
the increase in viscosity appeared related to an increase 
in red cell mass. Twenty hypertensive patients were 
studied because of their known proclivity for thrombosis. 
These subjects reacted uniformly during stressful inter¬ 
views productive of a pressor response with a shortening 
of the clotting time (average 15%) and an increase in 
viscosity (average 7%). Five hypertensive subjects, in 
whom no pressor response occurred, showed no changes 
in viscosity or clotting time. Patients with heart disease 
showed shortening of clotting time and increase in blood 
viscosity during periods of congestive failure which values 
approached normal with compensation. In contrast, pa¬ 
tients with thrombophlebitis showed shortened clotting 
time but usually no increase in viscosity during bouts of 
venous thrombosis. These patients were anemic and this 
may have accounted for their failure to show a rise in 
blood viscosity. 

The factor of viscosity is ignored in calculating periph¬ 
eral resistance, the assumption being that it is constant. 
This study indicates that this convention should be re¬ 
examined and suggests that variations in blood viscosity 
may be pertinent to the hemodynamics of hypertension. 
Shortened clotting time is often accompanied by increased 
viscosity and this may bear upon the problem of thrombo¬ 
sis. 

Studies on the Sulfhydryl Content of the Senm Proteins. 
Emanuel B. Schoenbach * and Norman Weissman, 
Baltimore, Md. 

The biological significance of sulfhydryl containing 
compounds has been explored since glutathione was first 
isolated from yeast in 1921. Evidence has been presented 
that the sulfhydryl groups are important for the struc¬ 
ture of proteins and various metabolic processes such as 
cellular division, and enzyme activity. 

An ampcrometric method has been adapted to the de¬ 


termination of sulfhydryl groups in the scrum proteins. 
This technique has been shown to be quantitative and 
specific for the — SH group. This determination is not 
affected by tlie presence of creatine, desoxyribonucleic 
acid, penicillin or cystine. Previous studies on sera 
from normal individuals and patients suffering from vari¬ 
ous types of illness have shown that the protein sulfhydryl 
was significantly reduced among the latter group. A fur¬ 
ther investigation was therefore initiated in which the 
sera were fractionated by the Pillemer procedure into 
albumin and globulin components and these components 
were analyzed with respect to their nitrogen, peptide and 
sulfhydryl content. 

The sera from patients with carcinoma, multiple mye¬ 
loma, lupus erytliematosus, nephritis, cirrhosis, and one 
cystinuric, when thus studied, showed that the albumin 
was usually reduced while the globulin was normal or in¬ 
creased as measured by their nitrogen or peptide content. 
The ratio of peptide per mg. of protein nitrogen for these 
components did not deviate markedly from the normal. 
The sulfhydryl per gram of albumin nitrogen or per pep¬ 
tide bond was below the normal value among 86-87% 
of the samples and the sulfhydryl per gram of globulin ni¬ 
trogen or peptide bond was low among 76-79%. It is 
suggested that a common metabolic abnormality related 
to protein formation which results in a qualitative change 
in both albumin and globulin components occurs in these 
disease states which is reflected in the low sulfhydryl 
values. 

Effects on Hypertension of Sulfhydryl and Hydrasine 

Compounds. Henry A. Schroeder, St. Louis, Mo. 

Pherentasin, a sustained pressor substance found in 
human hypertension, is a primary amine containing a 
carbonyl group, the latter apparently being necessary for 
prolonged activity. This formula suggests that two meta¬ 
bolic disturbances may be associated with hypertension: 
imperfect deamination of amines and incomplete reduction 
of certain ketones. To test the latter hypothesis, a group 
of sulfhydryl-containing compounds were injected in brief 
experiments in normotensive and hypertensive rats. Dif¬ 
ferential prolonged depressor action was exhibited in the 
hypertensive animals by substances such as cysteine, di- 
mercaptopropanol, ^-mercaptopropionic acid, mercapto- 
succim'c acid, thioglycollic acid and others of similar con¬ 
figuration. When the sulfhydryl group was on a ring 
structure no such action was demonstrated; sulfur con¬ 
taining compounds such as cystine, methionine, oxidized 
glutathione and the like exhibited no action. The effects 
lasted 2 to 3 hours in rats and dogs; in man dimercapto- 
propanol likewise exerted a brief (2 hr.) hypotensive ac¬ 
tion. These substances abolished the pressor action of 
arterenone but not of arterenol, and probably destroyed 
pherentasin in like manner. 

Because hydrazine compounds also may attack carbonyl 
groups, two substances, l-hydrazino-phthalazine and 1- 
hydrazino-4-methyl-phthalazine were tested for their hypo¬ 
tensive properties in renal hypertensive dogs; prolonged 
chronic lowering of blood pressure was observed. In JU 
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patients with hypertension these agents given by mouth 
exerted continuous hypotensive effects for days or weeks} 
the most pronounced actions occurred in neurogenic 
hypertension, tlie least in renal hypertension. Adverse 
renal effects were not observed. Previous sympathectomy 
enlianced the action considerably. Tachyphylaxis occa' 
sionally occurred, but was not persistent. Toxic mani- 
festations of headache and nausea could be controlled by 
anti-histaminic drugs and soon disappeared. Postural 
hypotension accompanied initial administration. It is be¬ 
lieved that these two types of compounds are probably 
anti-hypertensive agents. 

Crystalline Calcium Clioiidroitiit Sulfate. Maxweli, 
Schubert and Julia Einbindes, New York, N. Y. 
(Introduced by Colin M. MacLeod). 

Mucopolysaccharides are major components of con¬ 
nective tissue and information that will help to charac- 
terixe and to distingukh. them is needed. Qf particular 
interest for the chemistry of joints is the chondroitin 
sulfate of cartilage. 

Using mild isolation methods previously worked out 
and described, it has now been found possible to separate 
chondroitin sulfate from the cartilage of nasal septum as 
a calcium salt into fractions differing slightly in solu¬ 
bility and optical rotation. The least soluble fraction is 
amorphous, the more soluble fractions are crystalline. All 
have the same composition as regards hexosaroine, hexu- 
ronic acid, calcium and sulfur content. This is the first 
time any connective tissue mucopolysaccharide has been 
crystallized and it is the first indication that chondroitin 
sulfate from cartilage may not be a single chemical 
substance. 

Analytical data on these fractions show that the values 
for hexosamine, hexuronic acid, calcium and sulfur are 
all lower than would be expected on the basis of the 
known components of chondroitin sulfate. This evidence 
may indicate the presence of an as yet unidentified com¬ 
ponent of chondroitin sulfate. 

A study has been made of the consumption of periodate 
by the two crystalline fractions of chondroitin sulfate. 
There is a slow and progressive reduction of periodate 
over a period of 80 hours which shows no break that 
could be related to the end groups, though this method 
has been used by Meyer, Odier and Siegrist. 

Tlte Effect of Pituitary and Adrenal Hormones on the 
Metabolism and Excretion of Potassium, Donald W- 
Seldin, Louis G. Welt and Joseph Cokt, New Haven, 
Conn. (Introduced by Charles H. Burnett). 

In experimental animals and man, administration of 
ACTH or adrenal steroids may be followed by three 
changes in potassium metabolism: potassium excretion in¬ 
creases ; the serum concentration falls; and hypochloremic 
alkalosis develops. The following study attempts to 
ascertain whether these changes are caused by direct ac¬ 
tion of adrenal hormones, either on tissue cells or renal 
tubules, or whether they are the passive consequence of 
sodium retention which these hormones sometimes produce. 


Patients with and without edema, maintained on diets 
nearly constant in potassium, but containing only negli¬ 
gible quantities of sodium, were given prolonged courses 
of DOCA (20 mg per day for one month), cortisone (100- 
300 mg per day for 33 days), and ACTH (160 mg per 
day for 19 days). No change in serum concentration of 
potassium, sodium, bicarbonate, or chloride was detected. 
Potassium excretion %vas not accelerated by DOCA, 
cortisone, or ACTH, except for a transient increase dur¬ 
ing the first day of administration of the latter two hor¬ 
mones. 

The study was extended to rats maintained on sodium- 
free diets containing adequate quantities of potassium. 
Prolonged injections of DOCA produced no change in 
potassium excretion, muscle composition, or serum con¬ 
centrations of bicarbonate, chloride, potassium, or sodium. 

The following hypothesis is therefore proposed. DOCA 
has no direct effect on internal exchanges or renal excre¬ 
tion of potassium; if subjects have access to sodium salts, 
however, a potassium diuresis may follow DOCA adminis¬ 
tration as a passive consequence of sodium retention; when 
potassium excretion is thus accelerated, potassium is lost 
as potassium chloride, thereby producing a hypochloremic 
alkalosis. Cortisone and ACTH appear to behave like 
DOCA in promoting potassium excretion by sodium re¬ 
tention, although these hormones in addition accelerate 
potassium losses by direct effect on tissue cells as well. 
In the doses used in these studies this cellular effect was 
only transitory. 

The Role of Somatotrophic Hormone (3TH) in tlte 

Production of Malignant Nephrosclerosis, Periarteritis 

Nodosa and Hypertensive Disease. Hans Selye,* 

Montreal, Canada. 

Experiments on female piebald rats revealed that elec- 
trophoretically pure somatotrophic hormone (STH) pro¬ 
duces nephrosclerosis with variable degrees of nephritis, 
marked polyuria, myocarditis, pancreatic periarteritis 
nodosa and hypertension. The experimental animals 
were sensitized to mineralo-corticoid actions by unilateral 
nephrectomy and an excess NaCl intake, but this sensitiza¬ 
tion in itself did not produce such changes. 

The type of the toxic manifestations, as well as the 
sensitization of the animals to these STH effects by uni¬ 
lateral nephrectomy and NaCl, parallel our previous find¬ 
ings in animals receiving excesses of desoxycorticosterone 
acetate (DCA), or lyophilized anterior pituitary (LAP) 
material. 

It is assumed that STH is the active principle responsi¬ 
ble for the toxic actions of LAP upon the kidney and the 
cardiovascular system. The lesions caused by STH are 
considered to be, in all likelihood, secondary to a sensitiza¬ 
tion of the tissues to DCA-like mineralo-corticoids. In 
addition STH may also increase the production of 
mineralo-corticoids by the adrenals. 

The cardiovascular and renal damage normally caused 
by STH overdosage is prevented if cortisone is simultane¬ 
ously administered in doses adequate to produce adreno¬ 
cortical atrophy. 
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of the time required to produce a definite hyperemic re¬ 
action on application of standard pressure (threshold 
time), which was always greater than 120 seconds and 
usually indefinitely prolonged, as well as equal delay in 
the time of disappearance of hyperemia (clearing time). 
In early shock and in severe dehydration less prolonged 
threshold and clearing times were obtained. 

These results suggest that hemorrhagic shock 1) may 
cause only slight reductions in blood flow through the nor¬ 
mal liver, 2) initiates prompt adrenal-cortical reaction as 
evidenced by fall in eosinophiles. 

Transfer Rates Across Muscle Cell Membranes in Man: 
Measurement of Blood Flow and Fluid Compartments 
in Skeletal Muscle. Kenneth L. Zierleu, Reubin 
Andres and Joseph L. Lilienthal, Jr.,* Baltimore, 
Md. 

The Stewart principle has been adapted to measurement 
of peripheral blood flow in the forearm of man. A suit¬ 
able substance is infused into a brachial artery at constant 
rate, I mg. per min., by a motor-driven syringe delivering 
about 0.1 ml. per min. Blood is collected continuously 
from a catheter placed in a deep ipsilateral vein in the 
forearm. If P mg. per ml. is the concentration of infu-^ 
sate in venous plasma at equilibrium (corrected for re¬ 
circulation), then plasma flow equals I/P. Theory does 
not require that infusate be confined to intravascular space, 
and simultaneous infusion of T-1824 and inulin have 
yielded identical rates of plasma flow. The method is sen¬ 
sitive to rapid changes in blood flow and permits continu¬ 
ous flow measurements. Measurements in normal man 
yielded flow rates of an order similar to but larger than 
values reported from plethysmography. 

With this method it has been possible to measure rates 
of transfer of substances into or out of forearm muscles. 
Net transfer of a metabolite is a function of the product 
of its arterio-venous concentration difference and the rate 
of arterial flow to the part. Although these two variables 
define alterations in transfer rates induced during the 
course of an experiment, a reference base is essential for 
comparison of one individual with another. 

Theoretical considerations indicate the feasibility of 
using the volume of muscle water in the forearm as a 
reference base. Muscle water might be measured as the 
difference between inulin and antipyrine spaces, determi¬ 


nable from the exponential rate of disappearance of infu- 
sates from venous effluent after halting the injection. 
Similar treatment of rate of disappearance of T-1824 per¬ 
mits estimation of plasma volume in the part; in normal 
individuals it constitutes some 3.5 per cent of the forearm 
with the wrist and hand occluded. 

Body Water, Body Chloride and Plasma Volume Changes 
in Patients Receiving ACTH Therapy. Morris Ziff 
and Jerome Simson, New York, N. Y. (Introduced by 
Currier McEwen). 

In the course of adrenal cortical hormone therapy, a 
syndrome of hypocliloremia with alkalosis has been fre¬ 
quently observed. It was of interest, therefore, to study 
changes in body chloride content during ACTH therapy. 
Simultaneous measurements of total e.xchangeable body 
chloride, total body water and plasma volume were made 
on six patients with rheumatic diseases receiving ACTH. 
Body water was measured by the antipyrine method and 
exchangeable body chloride by the distribution of bromide. 
Studies were carried out on each individual before, during 
and after treatment. 

All patients retained water promptly. Two subjects, 
who developed edema, retained water and chloride in a 
parallel manner, assuming that chloride was retained in 
the concentration present in the e.xtracellular fluid. Two 
patients, in whom the balance of chloride to water gained, 
calculated on this assumption, was initially positive, de¬ 
veloped negative balances after several weeks of therapy. 
One patient, studied three weeks after starting therapy, 
demonstrated a marked negative chloride to water bal¬ 
ance. One patient showed a persistently negative chloride 
to water balance throughout therapy. 

Evidence of circulatory decompensation occurred in one 
individual, with marked increase in plasma volume. 
Plasma volume increased moderately in two others with¬ 
out overt signs or symptoms. In three, the plasma vol¬ 
ume fell during therapy although there was a tendency for 
serum lO and Cl" to fall, and PICO3" to rise, no definite 
metabolic alkalosis was observed. 

Changes in plasma volume appeared to be dependent on 
repair of anemia during ACTH therapy and expansion of 
extracellular fluid volume. Factors influencing the re¬ 
lationship between changes in body water and body ehlo- 
ride during ACTH administration are discussed. 
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Recent interest in the metabolism oi glucuronic 
acid has been aroused mainly as a result of the real¬ 
ization (1) that the conjugation of glucuronic acid 
is an important step in the metabolism of estrogenic 
and steroid hormones (2, 3) and of epinephrine 
(4) and following the reports that glucuronic acid 
may be useful in arthritis (5). Although the 
mechanism of formation of glucuronides has been 
observed chiefly in studies of drug metabolism and 
has been widely accepted as a process of detoxica¬ 
tion, the view is now prevalent (6, 7, 8) that this 
reaction represents a physiological process which 
we consider a “metabolic conjugation” (1). Thus, 
it is believed that exogenous drugs are conjugated 
with glucuronic acid only by virtue of certain of 
their chemical groupings (phenolic or alcoholic 
hydroxyl radicals), characteristic of the endoge¬ 
nous metabolites which are physiologically con¬ 
jugated with glucuronic acid. 

In the past, studies on glucuronic acid metabo¬ 
lism have been carried out almost exclusively in 
animals and usually in these investigations the con¬ 
jugated glucuronide was isolated or determinations 
of urinary glucuronic acid were made (9). It is 
obvious that determinations of glucuronic acid in 
blood values would be of great value not only in 
animal studies but also in investigations performed 
in man. Accordingly, a combination of blood and 
urine data on glucuronic acid was considered to 
be necessary in any study designed to evaluate the 
physiological significance of glucuronic acid. 

The present paper is divided into three sections. 
The first deals with the description of the method 

^This work was supported by grants-in-aid from the 
National Cancer Institute, Bethesda, Maryland, the Da¬ 
mon Runyon Memorial Fund for Cancer Research, the 
Commercial Solvents Corporation, New York, and by an 
institutional grant of the American Cancer Society, Inc., 
New York. 

- Presented in part at the 119th annual meeting of the 
American Chemical Society, April 1, 1951, Boston, Mass. 


for determining glucuronic acid and its clinical ap¬ 
plication. The second concerns the development 
of a glucuronic acid tolerance test in humans, and 
the third describes some clinical observations re¬ 
lating glucuronic acid and ;3-glucuronidase to ar¬ 
thritis and cancer of the breast. 

SECTION I. DETERMINATION OF GLU¬ 
CURONIC ACID IN BLOOD AND 
URINE 

The available methods for determining blood 
glucuronic acid were found to be unsuited for the 
purpose which we had in mind, i.e., the perform¬ 
ance of as many as 100 determinations a day with 
reasonable accuracy. In 1943, Ratish and Bullowa 
(10) adapted the method of Maughan, Evelyn and 
Browne (11) for urinary glucuronic acid to the de¬ 
termination of glucuronic acid ® in blood. An ali¬ 
quot of a tungstic acid filtrate of blood was heated 
with a mixture of naphthoresorcinol and hydro¬ 
chloric acid for 45 minutes. After cooling, the 
violet pigment was extracted, using a mixture of 
alcohol and ether, and the optical density of the 
ether layer read at 565 m/x in a photoelectric color¬ 
imeter. The per cent error ranged from —11 to 
+ 21.2. The procedure of Deichmaim (12) in 1946 
was performed on plasma (without deproteiniza- 
tion) with the naphthoresorcinol reagent, utilizing 
a heating period of t\vo hours and extraction of the 
pigment with ether alone. Although as a rule 
satisfactory recoveries of glucuronic acid were ob¬ 
tained when it was added to plasma, frequently 
these were as low as 20 to 30 per cent. The use of 

^ The possibility that the naphthoresorcinol reaction 
may measure galacturonic acid as well as glucuronic acid 
has been pointed out by Deichmann and Dierker (12). 
However, in view of the fact that galacturonic acid has 
not yet been identified as a normal constituent of human 
blood and urine, it is permissible to consider the naph- 
ihoresorcinol reaction applied to protein-free filtrates of 
blood as one measuring essentially glucurom'c acid. 
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ether in these procedures has the following disad¬ 
vantages : rapid evaporation, especially in the sum¬ 
mer, a strict requirement of purification and de¬ 
hydration (10, 11), instability upon exposure to 
sunlight (12), and the presence of a serious fire 
hazard. 

It was found possible to combine the best fea¬ 
tures of the available methods and to substitute 
toluene for ether as the solvent for extracting the 
colored product of the naphthoresorcinol-glucu- 
ronic acid reaction. In this manner, a procedure 
has been developed which is reasonably accurate 
and reliable, and possesses the advantage of con¬ 
venience and safety. 

REAGENTS REQUIRED 


for 10-15 minutes. After cooling, S cc. of 95 per cent al¬ 
cohol were added to each tube, after which they were 
shaken to dissolve the pigment produced during the heat¬ 
ing reaction. Then, 8 cc. of toluene were added and the 
tubes restoppered and vigorously shaken for one minute, 
this time to extract the violet pigment into the toluene 
phase. The aqueous layer was removed completely by 
suction, using a tube drawn out to a capillary attached 
to an aspirator and a collecting bottle. The toluene ex¬ 
tracts were then transferred carefully to clean Evelyn 
cuvettes. After allowing them to stand 45 minutes in the 
dark to permit the extracts to clear, the transmission of 
light was measured in the Evelyn photoelectric colorimeter 
at 565 mA using the 6 cc. well. 

(b) Urine. Usually a 1 to 50 dilution of the urine was 
prepared with water. In urine rich in glucuronic acid a 1 
to 100 dilution was employed. The deproteinization pro¬ 
cedure was omitted, and the naphthoresorcinol and HCl 


10 per cent sodium tungstate solution 

0.66 N sulfuric acid solution 

0.2 per cent naphthoresorcinol solution. (A fresh solu¬ 
tion was made for each day’s determinations, employ¬ 
ing the product obtained from Schwartz Laboratories, 
Inc., New York. Shaking the naphthoresorcinol wa¬ 
ter mixture in a glass-stoppered cylinder for 10 
minutes effected solution.) 

Toluene, Merck C. P. 

Hydrochloric acid, concentrated, Merck C. P. 

METHOD OF ANALYSIS 

(a) Blood. Two cc. of well-mixed oxalated blood were 
pipetted slowly into 14 cc. of distilled water in an Erlen- 
meyer flask, the contents being shaken during the process. 
Then, 2 cc. each of 10 per cent sodium tungstate and 0.66 
N H-SO, were added and the whole mixture agitated to 
ensure complete mixing. After 10 minutes it was filtered. 
Three cc. quantities of this filtrate representing a 1 to 10 
dilution of the blood, were transferred to two duplicate 
boiling tubes,* of the dimensions of the ordinary N. P. N. 
boiling tubes, but fitted with ground glass stoppers. To 
these were added 2 cc. of 0.2 per cent naphthoresorcinol 
solution and 2 cc. of concentrated hydrochloric acid solu¬ 
tion. The contents of the tube were mixed well and glass 
stoppers inserted. These tubes, arranged in a suitable 
metal rack, were placed in a gently boiling steam-heated 
water bath (temperature 98° C) for 60 minutes. They 
were then immersed in cold water (temperature 4- 5“ C) 

* These may be purchased from Macalaster Bicknell Co., 
Cambridge, Mass. The following washing procedure was 
found necessary: the tubes were rinsed thoroughly after 
the analysis with alcohol and tap water before being placed 
in cleaning solution. The use of a wax pencil for marking 
these tubes is prohibited, since any wax which finds its 
way into the boiling tubes will dissolve in the toluene and 
give undesirable colored solutions. Marking with a lead 
pencil on a ground glass spot on these tubes is permissible. 


PER CENT 

transmittance 



Fig. 1. Relationship Between the Light Trans¬ 
mittance OF THE Glucuronic Acid-Naphthoresorcinol 
Reaction Product and Glucuronic Acid Concentra¬ 
tion 


solutions were added directly to 3 cc. of diluted urine. 
Readings in the colorimeter were made in the same way 
as for blood. 

Blanks and controls. Blanks contained 3 cc. of HsO in 
place of blood filtrate or urine. It is desirable to include 
a standard (20 7 glucuronic acid) with each day’s deter¬ 
minations. The optical density of this standard should 
read within 5 per cent of the expected optical density. 

Preparation of standard curve. This (Figure 1) was 
constructed by correlating per cent transmittance with the 
content of glucuronolactone expressed as glucuronic acid 
in the standard solutions. It was found that the standard 
curve was completely reproducible. A curve should be 
constructed whenever new reagents {e.g-, concentrated 
HCl or naphthoresorcinol) are employed. 

Calculation of results. The amount of glucuronic acid 
obtained by substituting the Evelyn reading 
into the standard curve is termed 7 G. A. The following 
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expressions apply then to blood and urine: 

Blood; ~ milligrams glucuronic acid 

per 100 cc. 

Urine; ^ 3x^ W 0 ~~ "’‘**'Srams glucuronic acid per 
cc. urine, when 50 is the dilution factor of the urine. 

Light absorption curves of the naphthoresorcinol 
reaction product. Curves (Figure 2) for protein- 
free filtrates of human blood, urine, and a sample 

OPTKU. OENsrrr 
L<2-eaao 



Fig. 2. Light Absorption Curves of the Toluene 
Solutions of the Glucuronic Acid-Naphthoresoscinol 
Pp-oduct Obtained from Pure Glucurone (20 7), a Pro¬ 
tein-Free Blood Filtrate (49 7), and Urine, Diluted 
1 TO SO (307) 


TABLE I 


Recovery of glucuronic acid added to blood and urine 


Experiment 

Glucuronic 

I Glucuronic 

Total glucuronic acid 

1 ___ 

number 

acid 

acid added 

Found 

Calculated 


mg./WO cc. 

mg./100 cc. 

mgJlOO cc. 1 

mg./JOO cc. 

Blood 




1. 

5.4 

3.5 

9.6 

8.9 


5.4 

7.0 

11.2 

12.4 

2. 

6.2 

3.5 

9.5 

9.7 


6.2 

1 

7.0 j 

13.0 

13.2 

3. 

6.0 j 

3.5 i 

8.3 1 

9.5 


6.0 

7.0 

10.8 

13.0 

4. 

7.6 

3.5 

10.8 

11.1 


7.6 

7.0 

14.2 

14.6 

5. 

6.7 

3.5 

10.0 

10.2 


6.7 

7.0 

12.3 

13.7 

Urine j 

j 




1. 

30.4 

8.4 

36.4 

38.8 


30.4 

16.8 

49.5 

47.2 

2. 

54.0 

8.4 

61.6 

62.4 


54.0 

16.8 

79.1 

70.8 

3. 

37.6 

8.4 

45.0 

46.0 


37.6 

16.8 

50.8 

54.4 

4. 

54.1 

8.4 

58.3 

62.5 


54.1 

16.8 

68.0 

70.9 

5. 

45.2 

8.4 

49.5 

53.6 


45.2 

16.8 

60.6 

62.0 

6. 

36.6 

16.8 1 

48.3 

53.4 


34.1 

16.8 1 

46.3 

50.9 


56.7 

16.8 

70.0 

73.5 


of pure glucuronolactone are shown in which the 
light absorption of the purple toluene layer was 
measured in a Beckman model B spectrophotometer 
over the range 400-600 ngi. 

Recovery of ghictironic acid added to blood and 
urine. In Table I are listed the recoveries of pure 
glucuronic acid added to whole blood and urine. 
In the upper range of blood glucuronic acid levels 
(8.9-11.1), the standard error was 7.3 per cent 
(range — 7 to + 14) and for all the recovery ex¬ 
periments, the standard error was 8 per cent (range 
— 20 to + 14). This performance of the method 
is similar to that of the method of Ratish and 
Bullowa (10). 

Distribution of blood glucuronic acid values in 
health and in some disease states. In Figure 3 is 
illustrated the distribution of blood glucuronic acid 
in 100 normal individuals and in two groups of pa¬ 
tients, one with arthritis and the other with cancer 
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DISTRIBUTION OF BLOOD CLOCOBONIC ACID VALUES 


% OF TOTAL NUMBER 
OF 0.A. VALUES 



U— 2.0 2.1- 10 3.1 -AO 44 -5.0 6.1 - «0 6.1 - 7.0 7.1-80 6.1 “ 9.0 9.1-10.0 K3l|-IU IIJ-12.0 12.1 -13.0 


MO. a.A. PER 100 CC WHOLE BLOOD 

Fig. 3. Distribution of Glucuronic Acid (G.A.) Values in Normal Healthy Individuals (100), in Cancer 

Patients (128), and in Arthritic Subjects (44). 


of the breast. In Table 11 are presented additional 
data on blood glucuronic acid in disease states. 
Values for blood /?-glucuronidase activity obtained 
in these same patients have been included. 

DISCUSSION 

It would appear that the majority of human 
blood glucuronic acid values range from 4 to 8 mg, 
per 100 cc,, averaging 6 mg. per 100 cc. These 
values are higher than those reported by Laing and 
Anderson (13) (2.3-6.6 mg. per 100 cc., average 
4,0), and include values lower than those obtained 


by Ratish and Bullowa (10) (6.S-9.2 mg. per 100 
cc., average 7.5). Ratish and Bullowa state that 
results out of accuracy range are obtained with 
amounts of glucurone 5 mg. or less per 100 cc. 
The procedure of Laing and Anderson is simi¬ 
lar to that of Ratish and Bullowa, with the greater 
possibility of incomplete color development due to 
a shorter heating period and the omission of al¬ 
cohol in the process of pigment extraction. How¬ 
ever, under the experimental conditions described 
here there is a greater opportunity for maxi¬ 
mum pigment formation (one hour heating) and 


table II 

Concentration of blood glucuronic acid and serum ^-gluctironidase in health and disease 



Glucuronic acid 


d-Glucuronidase 


No disease 
Cancer (all types) 
Cancer of breast 
Cancer of cervi.v 
Cancer of lung 
Cancer of intestinal tract 
Heart disease 
Diabetes 
Pregnancy 

To.vemia of pregnancy 
Arthritis (male) 

Arthritis (female) 


Number of 

Number of 

Range of 

Average 

value 

Number of 

Number of 
determina¬ 

Range of 

patients 

tions 

values 

(mg./100 'cc. 
blood) 

patients 

tions 

values 

100 

104 

3.0-9.0 

6.1 

230 

500 

41-1285 

128 

156 

3.0-19.4 

7.5 

143 

428 

100-2340 

57 

90 

3.0-9.0 

5.9 

57 

280 

114-2340 

5 

13 

4.4-8.4 

6.7 

19 

27 

206-1210 

5 

6 

4.7-8.1 

6.4 

11 

16 

329-1360 

6 i 

16 

3.7-14.0 

6.9 

20 

39 

191-1945 

33 

36 

1.8-10.1 

5.1 

40 

43 

141-1093 

5 

IS 

11 

15 

2.3-8.1 
4.0-9.7 

5.1 

6.2 

5 

15 

21 

15 

181-1320 

262-1395 

675-1560 

247-1090 

141-1395 

6 

6 

5.3-9.5 

6.8 

5 

1 5 

7 

37 

94 

191 

2.2-11.3 

2.0-12.0 

5.5 

5.8 

7 

39 

! 91 

t 208 


Average value 
{units/100 cc. 
scrum) 
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for efficient extraction of the resulting pigment 
(solution of the pigment first in alcohol and sub¬ 
sequent extraction with toluene). We have not 
encountered any interference of urinary pigment 
mentioned by Maughan and associates (11) in 
the determination of glucuronic acid in the urine. 

From an inspection of the light absorption 
spectra of the toluene extract obtained by proces¬ 
sing human blood and urine, it seems that under 
ordinary circumstances only the pigment produced 
by the glucuronic acid-naphthoresorcinol reaction 
is present and has an absorption maximum at 570- 
580 m/i. Pure glucurone solutions yield toluene 
solutions of pigment absorbing at 570 m/i. Ratish 
and Bullowa have shown that interference due to 
pentoses and glucose is negligible. Maughan and 
associates have likewise found the naphthoresor- 
cinol reaction to be negative for many body metabo¬ 
lites. As mentioned before, galacturonic acid re¬ 
acts with naphthoresorcinol. 

The experience in this laboratory indicates an 
error in the recovery experiments of approximately 
8 per cent. Much of this is due to the fact that 
analyses are rejected only if duplicate tubes differ 
by more than 2 galvanometer divisions in their 
readings of transmittance. This is the outside limit 
within which duplicate determinations of most 
other substances, e.g., blood glucose, will agree 
when color measurements are made with the 
Evelyn photoelectric colorimeter. Accordingly, 
greater accuracy can be obtained either by the use 
of triplicate determinations, or by the development 
of conditions which will increase still further the 
optical density of the final toluene extract. For 
our purposes, the present procedure was found 
satisfactory. 

The comparison of glucuronic acid values in the 
blood of healthy and diseased individuals is in¬ 
complete. It is clear, however, that in certain 
cases of arthritis and cancer there is a tendency to¬ 
ward abnormal values out of the range of the nor¬ 
mal subjects studied. No clear correlations can 
be made between serum ^-glucuronidase activity 
and blood glucuronic acid in the diseases studied. 

SECTION II. GLUCURONIC ACID TOLERANCE 
CURVES IN HUMANS 

When studying the metabolism of any substance, 
it has been found useful to obtain some measure of 


the degree of utilization of the substance by the 
body. Accordingly, it was considered worthwhile 
to develop a tolerance test for glucuronic acid in 
humans in order to study the utilization of glucu¬ 
ronic acid and factors which may influence its 
metabolism. 

Employing the method for blood glucuronic 
acid described in the first section of this paper, 
blood levels of glucuronic acid were determined be¬ 
fore, and at intervals after, oral administration of 
glucuronolactone. It was found that only a small 
proportion of this substance was excreted in the 
urine. 

Glucuronic acid tolerance curves were then ob¬ 
tained on 17 normal subjects, on 12 patients with 
arthritis and on 10 patients with various types of 
cancer. A description of the technique for per- 

TABLE III 

Urinary excretion of glucuronic acid before, during and after 
performance of the glucurone tolerance test 

The excretion of glucuronic acid in a single subject on 
five consecutive days gave the following 24 hour values: 
0.64, 0.63, 0.58, 0.75, 0.31 grams. 




Urinary glucuronic acid 



{grams/Z4 hours) 

Patient 

Clinical diagnosis 

Day 
prior to 
tolerance 
test 

Day of 
tolerance 
test 

Day 

after 

tolerance 

test 

L. I. 

Rheumatoid arthritis 

0.82 

1.62 

0.49 

O. B. 

Carcinoma of lung 

0.50 

0.39 

0.39 

C. F, 

Carcinoma of bladder 

0.67 

o.ss 

1.04 

O. S. 

Toxemia of pregnancy 

0.83 

0.53 

0.64 

E. C. 

Rheumatoid arthritis 

0.23 

0.56 

0.32 

K. H. 

Myasthenia gravis, arthritis 

0.34 

1.02 

0.44 

K. J. 

Rheumatoid arthritis 

0.65 

1.44 

0.65 

M. E. 

Carcinoma of breast 

— 

0.91 

0.52 

G. A. 

Arthritis 

0.28 

0.72 

0.23 


forming the glucuronic acid tolerance curve and 
the results obtained on various human subjects are 
presented in this section. 

The glucuronic acid tolerance curve. Five cc. of venous 
blood are taken from the antecubital vein from a fasting 
subject immediately before the oral ingestion of 5 grams 
of glucurone = dissolved in 100 cc. HjO. The same amount 
of blood is drawn at 30 minutes, and one, two, three, six 
and 24 hour intervals thereafter. The blood is collected 
in an oxalated test tube to prevent clotting. Folin-Wu 
filtrates are then prepared from 2 cc. of this blood and 

® Glucurone is an abbreviation for glucuronolactone. In 
the body glucurone is undoubtedly in equilibrium with 
glucuronic acid, thus: glucuronolactone + HiO glu¬ 
curonic acid. Pure glucurone was supplied through 
the courtesy of the Commercial Solvents Corporation, 
New York, 
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TOLERANCE CURVES FOR 
CLUCUBONJC ACJD — NORMAL 

MG PER 100 CC 




Fig. 4. Glucuronic Acid Tolerance Tests in Normal 
Healthy Individuals 

the glucuronic acid determined as described. These val¬ 
ues are then related to time, as illustrated in Figures 4 
and 5. These represent, respectively, individual tolerance 
curves and a composite graph, based on the individual 
data. 

In some of these experiments 24 hour urine collections 
were made on the day before, the day of, and the day 
after performing the glucurone tolerance test. These 
data appear in Table III. For the present, an abnormal 
curve is defined as one which either (a) fails to show 
an elevation in blood glucuronic acid after glucurone in¬ 
gestion (flat curve) ; (b) shows the glucuronic acid level, 
after reaching a peak, failing to fall by six hours to the 
pre-ingestion level (retenton curve) ; or (c) shows a fall 
of glucuronic acid concentration at six hours to a value 
much lower than the fasting level (declining curve). 

In all of the tolerance tests, (S-glucuronidase activity of 
blood serum was determined simultaneously (14) and a 
typical result, illustrating the behavior of blood glucuronic 
acid and i3-glucuronidase activity, is shown in Figure 6. 


RESULTS 

All of the normal subjects (Figure 4) exhibited 
an elevation in blood glucuronic acid following the 
ingestion of 5 grams of glucurone which appeared 
within 30 to 60 minutes and which persisted for 
as long as four hours, Flowever, by six hours, in 
the majority of cases, the blood glucuronic acid 
levels had returned to the pre-ingestion level. In 
five subjects, two peaks in the curve were noted. 
A composite curve of these data is shown in Fig¬ 
ure 5. 

Arthritis (Figure 7), Five of 12 arthritic pa¬ 
tients showed abnormal curves in which the level 
at six hours was as high as or higher than the peak 
elevation; the curves in the remainder appeared es¬ 
sentially normal. 

Cancer (Figure 8), Four patients with car¬ 
cinoma of the rectum exhibited abnormal, flat or 
retention curves. Two subjects with cancer of the 
lung, and one with cancer of the thyroid showed 
accentuated declines in their blood glucuronic acid 
levels after the peak had been reached. One pa¬ 
tient with cancer of the lung at six hours still 
showed an elevation in blood glucuronic acid. 

% OF FASTING BLOOD 
GLUCURONIC ACID VALUE 



Fig. 5. A Composite Curve of the Normal Glucuronic 
Acid Tolerance Tests 
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GLUCURONIC AGIO 4 GLUCURONIDASE 

MO. PER too CC ^NIT3 PER lOQCC 



Fig. 6. Interrelation of Blood Glucuronic Acid 
AND ^-Glucuronidase after Ingestion of Glucuronic 
Acm 

Three of the cancer subjects had fasting levels of 
glucuronic acid above 8 mg. per 100 cc. of blood. 

Relation between blood glucuronic acid and se~ 
rum ^-glucuronidase. Figure 6 shows the blood 
/S-glucuronidase activity being reduced markedly 


yQ.P£R lOOCC 
WHOLE BLOOD 




Fic. 7 . Glucuronic Acid Tolerance Tests in 
Arthritis 


at the same time when the blood glucuronic acid 
increases. After two hours, the values for both 
level off, that for glucuronic acid returns towards 
the pre-ingestion value and that for jff-glucuroni- 
dase tends to remain far below the initial one. In 
all subjects studied, healthy as well as diseased, 
the blood ;9-glucuronidase was reduced following 
glucuronolactone ingestion. The extent of this ef¬ 
fect and its persistence was variable, usually bear¬ 
ing some relationship to the fasting blood /3-glu¬ 
curonidase. Thus, the decline was most pro- 


IM.PER loses 

WHOLE OLOOO 





Fig. 8. Glucuronic Acid Tolerance Tests in Cancer 
Patients 

nounced in subjects exhibiting initial /?-gIucuroni- 
dase activities above 500 units per 100 cc. 

DISCUSSION 

The following possibilities suggest themselves 
to explain the reduction of ;S-glucuronidase ac¬ 
tivity in blood in the presence of an increased blood 
glucuronic acid; 1 ) glucuronic acid may be inhibit¬ 
ing the activity of the enzyme, 2) glucuronic acid 
may cause a shift of the enzyme to the formed ele¬ 
ments of the blood (in which case the serum en- 
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TABLE IV 

Effect of the presence of added glucuronic acid on 
^-glucuronidase activity of scrum and plasma 

The serum employed was prepared from blood taken 
from patients with cancer of the breast undergoing hor¬ 
monal therapy which explains the higher /3-glucuronidase 
activity observed as compared to the plasma enzyme 
activities (normal healthy subjects). 

(3-Glucuronidase activity Units/100 cc. 

no glucuronic acid glucuronic acid 

added added (-t mg./JOOce.) 

Serum 

1690 1630 

930 890 

673 673 

683 695 

930 905 

943 960 

900 900 

Plasma separated from whole blood 

447 435 

460 433 

504 504 

676 714 

zyme would be depleted) or i) the glucuronic acid 
may cause blood ^-glucuronidase to be removed 
from the blood for some as yet unknown purpose. 
As indicated in Table IV, there is no inhibition of 
serum /3-glucuronidase in experiments where glu¬ 
curonic acid is added in vitro in amounts corre¬ 
sponding to the highest concentrations of this sub¬ 
stance observed in our tolerance curves. It is also 
clear that glucuronic acid added to whole blood 
does not result in a shift of /3-glucuronidase from 
the plasma to the cells. 

Since little change is found in the amounts of 
glucurone excreted in the urine during and after 
the tolerance test, there seems to be little doubt 
that the glucurone administered orally is utilized 
by the human subject. It remains to be determined 
which organ(s) take up this glucuronic acid and in 
which processes of metabolism the glucurone par¬ 
ticipates. 

A pattern of glucuronic acid curves is evolving 
with three distinct types of curves. Some of these 
curves appear to be characteristic of certain types 
of cancer and to a much lesser extent arthritis and 
other chronic diseases (15). 

SECTION III. OBSERVATIONS IN PATIENTS 

RECEIVING ANTI-ARTHRITIC AND ANTI- 
TUMORAL AGENTS 

Arthritis 

Four patients with an established diagnosis of 
rheumatoid arthritis were treated with ACTH, 


cortisone and glucurone and were studied from 70 
to 150 days. All of these subjects at one or more 
periods in the study exhibited sudden and marked 
elevations in serum /3-glucuronidase and in three, 
the blood glucuronic acid levels fluctuated mark¬ 
edly. The behavior of these two blood constituents 
in one of these patients whose arthritis was diffi¬ 
cult to control is illustrated in Figure 9. In nor¬ 
mal healthy subjects, blood glucuronic acid and 
serum /S-glucuronidase levels are considerably more 
constant. 

Cancer of the breast 

A. Methylandrostenediol. Thirteen patients 
with metastatic cancer of the breast were treated 
for two to 18 months with methylandrostenediol, a 
weakly-virilizing protein anabolic steroid (16). 
In three of these subjects, showing neither sub¬ 
jective nor objective clinical improvement, )3-glu- 
curonidase and glucuronic acid values showed no 
change during the course of therapy. In 10 pa¬ 
tients with subjective improvement, including three 
with objective responses, the values of these blood 
constituents were abnormally high at one or more 
times during therapy. The behavior of blood glu¬ 
curonic acid and serum /3-glucuronidase levels is 
illustrated in one of these subjects in Figure 10, 
Clinically, there appeared to be a correlation of the 
increased levels of either one or both of these 
blood constituents with the improvement observed 
in the patient. 

B. Stilbestrol. The administration of this hor¬ 
mone was found to increase the blood /3-glucuroni¬ 
dase not only in women with cancer of the breast 
(17) but also in non-cancerous subjects (IS). 
It had been found previously (18) that stilbestrol 
administered for 10 days of the post-partum pe¬ 
riod will prevent to a great extent the fall in serum 
/8-glucuronidase which otherwise normally occurs 
following parturition. The resemblance of the 
effects of methylandrostenediol and stilbestrol upon 
the /3-gIucuronidase and the glucuronic acid of the 
blood is of interest from two points of view. First, 
it offers an avenue of approach to the development 
of chemical indices in the blood for evaluating the 
effect of chemo-therapeutic drugs in cancer of the 
breast and secondly, it suggests that in these sub¬ 
jects methylandrostenediol has a biochemical ef¬ 
fect in common with stilbestrol. 
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It remains to be established whether the phe¬ 
nomena observed with regard to glucuronic acid 
and glucuronidase in the blood of patients with ar¬ 
thritis or cancer under therapy are specific for 
these disorders or whether they may be the re¬ 
flection of a fundamental systemic effect without 
specific significance. 

GENERAL DISCUSSION 

There are only a few known facts concerning 
the origin and fate of glucuronic acid in mammals. 

Origin of glucuronic acid. It is generally be¬ 
lieved that liver glycogen is the ultimate source of 
glucuronic acid. Quick (19), in 1926, showed that 
the administration of insulin to diabetic dogs 
greatly increased the output of glucuronic acid, 
while Kobayashi (20), in 1934, found low glycogen 
content in the livers of rabbits which had been given 
the glucuronidogenic drug, avertin. Later, Schmid 

(21) reported that the tolerance to menthol was 
much less in hibernating frogs whose liver glycogen 
had been depleted and Dziewiatkowski and Lewis 

(22) found a 50 per cent reduction in liver gly¬ 
cogen four hours after administering menthol to 
rats. 

Direct evidence that glucose can be used for the 
synthesis of glucuronic acid in conjugated form 
was reported by Mosbach and King (23). After 
administering glucose labelled with uniformly 
in all six carbons to guinea pigs which were simul¬ 


taneously given borneol, the glucuronic acid of the 
Zn bornyl glucuronide isolated from the urine was 
found to contain radioactive carbon, likewise uni¬ 
formly distributed amongst its six carbon atoms. 

On the other hand, administered glucuronic acid 
is not converted into glucose, since, to take one 
example. Quick (24) was unable to relieve insulin 
convulsions in mice by the administration of glu- 
curone. 

Fate of glucuronic acid. Glucuronic acid in 
amounts of 3 to 10 grams is almost completely 
metabolized by humans (24—26) and rabbits and 
dogs similarly metabolize glucuronic acid (27). 
Flaschentrager and colleagues (26) isolated furan 
dicarboxylic acid from the urine of healthy sub¬ 
jects who had received glucurone in amounts which 
indicated a 20 per cent conversion of the glucurone 
to this compound. The furan dicarboxylic acid it¬ 
self is almost completely metabolized when given 
to humans. 

Enklewitz and Lasker (25) gave glucurone to 
pentosuriacs, since they had seen increased pento¬ 
suria following the administration to these patients 
of glucuronidogenic drugs. Over 20 per cent of 
glucurone was apparently converted into the /-xylo¬ 
ketose which was identified. This effect was not 
seen following the administration of conjugated 

glucuronic acid. , j 

Quick (24) first reported that dogs metabolized 
menthol and menthol glucuronide almost com- 
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pletely, and borneol and its glucuronide to a great 
extent. Smith and Williams (28) demonstrated 
that the rabbit metabolized stilbestrol glucuronide. 
It therefore seems reasonable that the intact con¬ 
jugated glucuronides may undergo metabolism. 

Scheme of glucuronic acid metabolism. In the 
accompanying scheme (Figure 11) the facts de¬ 
tailed above have been related. The evidence for 
dialyzable acid hexuronides rests on observations 
we have made on the nature of tissue uronides 
which show clearly that the dialyzable uronide of 
tissue is of a molecular species lower than hyalu¬ 
ronic acid and higher than that of the simple con¬ 
jugated glucuronides. In all the pathways postu¬ 
lated uncertainty is indicated as to the exact 
mechanism. Final conclusive proof that glucuronic 
acid behaves in the manner outlined must await 
definitive studies, possibly utilizing glucuronic acid 
labelled with 

Present results. In our studies, it has been 
found that glucuronic acid in 5 gram amounts given 
orally is almost completely utilized as judged by 
the urinary excretion of glucuronic acid. 

Glucuronic acid tolerance curves. Of interest 
is the rapidity with which blood glucuronic acid 
levels, once elevated by oral glucuronic acid, de¬ 
cline to normal values. It would seem that the 
concentration of this substance is under homeo¬ 
static control by agencies which at present are un¬ 
known. The blood sugar and phosphorus remain 
unchanged during the course of glucuronic acid 
absorption and utilization. Accordingly, the pos¬ 
tulated homeostatic mechanism is probably unre¬ 
lated to glucose metabolism and may be related 
to formation of pentose and furan dicarboxylic 
acid. 

Observations in arthritis and cancer. In cer¬ 
tain patients, e.g., those with cancer of the rectum, 
there appears to be a definite retention of glu¬ 
curonic acid in the blood, and in others (see Fig¬ 
ure 8) there exists a tendency for a marked decline 
in blood glucuronic acid. In all patients, the serum 
glucuronidase declined after ingestion of glucuronic 
acid. On the basis of the present data, no explana¬ 
tion can be advanced for these phenomena, nor 
can these phenomena be considered peculiar only 
for cancer and arthritis. 

The lability of glucuronic acid concentration in 
the blood of patients with rheumatoid arthritis is 
interesting. It is known that glucuronic acid 


compounds such as hyaluronic acid and chondroi- 
tin sulfate are important constituents of cartilage 
and the joint capsule. The present observations 
raise the question whether or not arthritis may be 
accompanied by a disorder of glucuronic acid 
metabolism. 

The frequent elevations of glucuronic acid seen 
in the blood of patients with carcinoma of the breast 
receiving methylandrostenediol therapy is a new 
observation for which no explanation is proposed. 

Finally, it is found that the continuation of study 
in this relatively new field of investigation may help 
in our attempts to understand the interrelation¬ 
ships in metabolism of the steroid hormones, glu¬ 
curonic acid and /?-glucuronidase, 

CONCLUSIONS 

1. A method for determining glucuronic acid 
in blood and urine has been developed by modify¬ 
ing existing procedures and by substituting tolu¬ 
ene for ether in the extraction of the violet pig¬ 
ment produced in the naphthoresorcinol reaction. 
Toluene solutions of the pigment absorbed light 
maximally at 570-580 nvi. A linear relationship 
was found between the optical density of toluene 
extracts prepared from the reaction of naphthore¬ 
sorcinol with glucuronic acid in the range of con¬ 
centrations employed (5 y to 40 y). 

Values are reported for 100 normal individuals 
and in a number of arthritics and patients with can¬ 
cer of the breast, 

2. Glucuronic acid (glucurone) administered 
orally appears to be utilized inasmuch as little of 
it is excreted in the urine. In normal subjects, a 
peak in the blood glucuronic acid is found within 
30-60 minutes after ingestion which may persist 
from one to four hours. By six hours afterwards 
the blood glucuronic acid returned to pre-ingestion 
levels. 

3. In five out of 12 arthritics and seven of 10 
patients with cancer, these glucuronic acid toler¬ 
ance curves were abnormal. Some showed what 
appeared to be retention of glucuronic acid in the 
blood while others were characterized by an un¬ 
usually marked fall in glucuronic acid after the 
peak concentration had been passed. 

4. Serum ^-glucuronidase activity fell simul¬ 
taneously with the rise in blood glucuronic acid 
seen in the glucuronic acid tolerance test. 
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5. These findings have been discussed in rela¬ 
tion to the known facts of glucuronic acid metabo¬ 
lism which have been received. 

REFERENCES 

1. Fishman, W. H., |S-gIucuronidase: its relation to the 

action of the estrogenic hormones. J. Biol. Chcm., 
1947, 169, 7. 

2. Cohen, S. L., and Marrian, G. F., The isolation and 

identification of a combined form of oestriol in 
human pregnancy urine. Biochem. J., 1936, 30, 
57. 

3. Venning, E. M., and Browne, J. S. L., Isolation of a 

water-soluble pregnandiol complex from human 
pregnancy urine. Proc. Soc. Exper. Biol, & Med., 
1936, 34, 792. 

4. Clark, W. G., Akawie, R. L, Pogrund, R. S., and 

Geissman, T. A,, Conjugation of /-epinephrine in 
vivo. Abstracts of Communication of 18th Inter¬ 
national Physiological Congress, 1950, p. 159. 

5. Peterman, E. A., Glucuronic acid deficiency in the 

rheumatic diseases. Journal Lancet, 1947, 67, 451. 

6. Handler, P., and Perlzweig, W. A., Detoxication 

mechanisms. Ann. Rev. Biochem., 1945, 14, 617. 

7. Bodansky, O., The metabolism of drugs and toxic 

substances. Ann. Rev. Biochem., 1948, 17, 303. 

8. Bloch, K., The metabolism of acetic acid in animal 

tissues. Physiol. Rev., 1947, 27, 574. 

9. Young, L., The detoxication of carbocycHc com¬ 

pounds. Physiol. Rev., 1939, 19, 323. 

10. Ratish, H. D., and Bullowa, J. G. M., Determination 

of glucuronic acid in biological media. Arch. Bio¬ 
chem., 1943, 2, 381. 

11. Maughan, G. B., Evelyn, K. A., and Browne, J. S. L., 

A method for the quantitative estimation of glu¬ 
curonic acid and conjugated glucuronides. J. Biol. 
Chem., 1938, 126, 567. 

12. Deichmann, W. B., and Dierker, M., The spectro- 

photometric estimation of hexuronates (expressed as 
glucuronic acid) in plasma or serum. J. Biol. 
Chem., 1946, 163, 753. 

13. Laing, G. H., and Anderson, D., Glucuronic acid. 

Method of determination and normal blood levels. 
Abstracts, Am. Chem. Soc., Division of Biological 
Chemistry, Detroit, 1950, p. 610. 

14. Fishman, W. H., Springer, B., and Brunetti, R., Ap¬ 

plication of an improved glucuronidase assay 


method to the study of human blood bcta-glu- 
curonidase. J. Biol. Ciiem., 1948, 173, 449. 

15. Fishman, W. H., Homburger, F,, Kasdon, S. C., and 

Bonner, C. D., /3-Glucuronidasc alterations in hu¬ 
man cervical and breast cancer. Cancer Research, 
1951, 11, 248. 

16. Homburger, F., Kasdon, S. C, and Fishman, W. H., 

Mcthylandrostcnediol, a non-virilizing derivative of 
testosterone in metastatic cancer of the breast. 
Proc. Soc, Exper. Biol. & Med., 1950, 74, 162. 

17. Cohen, S. L., and Huseby, R. A., The effect of estro¬ 

gen on the serum glucuronidase activity of pa¬ 
tients with breast cancer. Cancer Research, 1951, 
11, 52. 

18. Fishman, W. H., Odell, L. D., Gill, J. E., and Christen¬ 

sen, R. A., II, The influence of stilbestrol on se¬ 
rum beta-glucuronidase in women following par¬ 
turition. Am. J. Obst. & Gyncc., 1950, 59, 414. 

19. Quick, A. J., On the origin of glucuronic acid in the 

organism. J. Biol. Chem., 1926, 70, 397. 

20. Kobayashi, T., E.\-perimentelle Untersuchungen fiber 

die Beziehungen zwischen Avertin und Leberfunk- 
tion. J, Biochem., 1934, 20, 405. 

21. Schmid, F., Recherches sur le lieu de formation des 

conjugues glycuroniques dans I'organisme. Compt. 
rend. Soc. de biol., 1936, 123, 223. 

22. Dziewiatkowski, D. D., and Lewis, H. B., Glucuronic 

acid synthesis and the glycogen content of the liver 
of the rat. J. Biol. Chem., 1944, 153, 49. 

23. Mosbach, E. H., and King, C. G., Tracer studies of 

glucuronic acid biosynthesis. J. Biol. Chem., 1950, 
185, 491. 

24. Quick, A. J., Quantitative studies of j9-oxidation. IV. 

The metabolism of conjugated glycuronic acids. 
J. Biol. Chem., 1928, 80, 535, 

25. Enklewitz, M., and Lasker, M., The origin of /- 

xyloketose (urine pentose). J. Biol. Chem., 1935, 
no, 443. 

26. Flashentrager, B., Cagianut, B., and Meier, F., The 

formation of 2,5-fur3ndicarboxylic acid from rf-glu- 
curone and d-galacturonic acid in man: a new 
metabolic pathway for carbohydrate. Helvet. chim. 
acta, 1945, 28, 1489. 

27. Hurthle, R., Schicksal von Glykuronsaure und Galak- 

turonsaure im Tierischen Organismus. Biochem. 
Ztschr., 1927, 181, 105. 

28. Smith, A. E. W., and Williams, P. C., Urinary elimi¬ 

nation of synthetic oestrogens and stilboestrol glu- 
curonide in animals. Biochem. J., 1948, 42, 253. 



EFFECTIVENESS OF A NEW COMPOUND, BENEMID, IN 
ELEVATING SERUM PENICILLIN CONCENTRATIONS 

By JAMES M. BURNELL and WILLIAM M, M. KIRBY 

(Efom the Department of Medicine, University of Washington School of Medicine, and the King 

County Hospital, Seattle, Washington) 

(Submitted for publication February 14, 1951; accepted April 9, 1951) 


The rapid renal clearance of penicillin has made 
it difficult to maintain blood levels adequate to 
combat resistant organisms such as enterococci and 
many staphylococci. Diodrast (1), p-amino-hip- 
purate (PAH) (2), benzoic acid (3), sodium ben¬ 
zoate (3, 4), and carinamide (5), have been 
found to block renal tubular excretion of penicillin 
with enhancement of blood levels. Of these com¬ 
pounds, only carinamide has had wiedspread clin¬ 
ical use (6-8). Its value has been limited because 
the large doses required make it unwieldy and of¬ 
ten poorly tolerated (9). This disadvantage ap¬ 
pears to have been overcome by the recent dis¬ 
covery of a new compound, Benemid (10),^ which 
is apparently effective in low doses, and in prelimi¬ 
nary studies has been found to have little toxicity 
(11). This report is based on measurements of 
penicillin blood levels in 74 patients treated with 
intramuscular penicillin G or its procaine salt. 

MATERIALS AND METHODS 

The subjects studied were adult patients in the Kiing 
County Hospital who were receiving penicillin for a wide 
variety of infections. Patients with renal disease or 
congestive heart failure were excluded. After control 
penicillin levels were obtained, Benemid was administered 
in doses of 0.5 gm. every six hours for at least 12 to 24 
hours prior to the measurement of the post-Benemid se¬ 
rum levels. Diet, salt, and fluid intake were not controlled. 
The concentrations of penicillin in the serum were de- 


^ Sharp and Dohme’s trade name for p-(di-n-propyI- 
sulfamyl)-benzoic acid. 


termined by a tube dilution method, using killing of a 
Group A hemolytic streptococcus as the endpoint (12). 

CALCULATIONS OF DATA OBTAINED 

Two methods were used to compute the increase in the 
penicillin levels after Benemid. The first method con¬ 
sisted of determining the increase found in each individual 
patient, and from these figures the average individual 
fold increase was calculated. The second method con¬ 
sisted of averaging all of the pre- and post-Benemid peni¬ 
cillin levels before computing the fold increase. 

Average of individual fold increases; For each patient 
the fold increase of the serum penicillin level after Bene¬ 
mid was determined by dividing the post-Benemid level 
by the pre-Benemid level. These individual fold increases 
were then averaged. In a few instances there was a de¬ 
crease rather than an increase following Benemid, and 
these fold decreases were subtracted from the total of 
the increases before dividing by the total number of 
patients. 

Fold increase of the overage levels; Serum penicillin 
levels before and after Benemid were averaged separately. 
The fold increase of the average levels was then deter¬ 
mined by dividing the post-Benemid average by the pre- 
Benemid average. 

RESULTS 

The first group (Table I) consisted of 19 pa¬ 
tients who were receiving 300,000 units of pro¬ 
caine penicillin once daily. Levels before and 
after Benemid were measured on one occasion in 
each patient at three, 12 and 24 hours following a 
penicillin injection. Of the 57 occasions on which 
concentrations were determined before and after 
Benemid, there was an increase in the penicillin 


TABLE I 

Effect of Benemid on serum penicillin levels of 19 patients receiving 300,000 units of procaine penicillin once daily 


Hours after i>enicillui injection: 3 hrs. 

Average serum level (units/cc.) before Benemid 3.14 

Range 0.5-10.0 

Average serum level (units/cc.) after Benemid 6.34 

^nge 0.5-20.0 

Fold increase of average serum levels 1.99 

Average of individual fold increases 2.03 

Range 5 fojj decrease to 

10 fold increase 


12 hrs. 


24 hra. 


1.07 

<0.04-5.0 

2.14 

<0.04-7.0 

2.00 

4.37 

1 to 10 fold 
increase 


0.23 

<0.04-5.0 

0.66 

<0.04-2.0 

2.86 


2.82 

4 fold decrease to 
10 fold increase 
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level following Benemid 39 times (68.4%). In 
the other 18 instances, the levels remained the 
same, or were lower following Benemid (eight 
times at three hours; five times each at 12 and 24 
hours). The averages of the individual fold in¬ 
creases were 2.03,4.37, and 2.82 at three, 12 and 24 
hours respectively, and the fold increases of the 
average levels were 1.99, 2.00, and 2.86. 

When the group was divided into patients over 
the age of 60 and those under the age of 60, those 
over 60 had uniformly higher levels before Bene¬ 
mid, and also greater and more consistent increases 
in the levels following Benemid. 

The second group (Table II) consisted of 27 
patients treated with 300,000 units of procaine peni¬ 
cillin every 12 hours. Levels were measured three 
and 12 hours following a penicillin injection. Of 
the 54 determinations which were made before and 
after Benemid, there was an increase of the penicil¬ 
lin level following Benemid on 50 occasions 
(92.6%). Three levels at the three hour interval 
were the same before and after Benemid, and in 
one patient the level was lower following Benemid. 
The averages of the individual fold increases were 
2.62 and 3.08 at three and 12 hours respectively, 
and the fold increases of the average levels were 
2.11 and 2.67. 

It was again noted that patients over the age of 
60 had higher levels before Benemid, and a greater 
increase in penicillin concentrations following 
Benemid. 

The third group consisted of five patients treated 
with 600,000 units of procaine penicillin every 

TABLE II 

Effect of Benemid on serum penicillin levels of 27 patients 
treated with 300,000 units of procaine penicillin 
every 12 hours 


Hours after penicillin injection: 

3 hrs. 

12 hrs. 

Average serum level 
(units/cc.) before Benemid 

2.62 

0.84 

Range 

0.2-7.0 

0.04-2.0 

Average serum level 
(units/cc.) after Benemid 

5.54 

2.24 

Range 

0.7-10.0 

0.2-10.0 

Fold increase of the 
average serum levels 

2.11 

2.67 

Average of individual 
fold increase 

2.62 

3.08 

Range 

2 fold decrease to 

7 fold increase 

1 to 10 fold 
increase 


TABLE in 

Effect of Benemid on serum penicillin levels of 10 patients 
treated with 100,000 units of crystalline penicillin G 
every three hours 

Three hour Eerura 
penicillin lc%'et 


Average serum level 

(units/cc.) before Benemid 0.48 

Range <0.04—1.0 

Average serum level 

(units/cc.) after Benemid 1.43 

Range 0.07-10.0 

Fold increase of the average serum 

levels 2.98 

Average of individual fold increases 5.32 


Range 


1 to 10 fold increase 


eight hours. In each instance the level after Bene¬ 
mid exceeded the control level. The average levels 
at the end of the eight hour period were increased 
by Benemid from 3.2 units/cc. to 10.4 units/cc. 
The fold increase of the average levels and the av¬ 
erage of the individual fold increases were both 
approximately 3.2. 

The fourth group (Table III) consisted of 19 
female patients (average age 29) from the Gyne¬ 
cology Service who were treated with 100,000 
units of crystalline penicillin every three hours. 
Serum penicillin levels were measured three hours 
after one of the penicillin injections. The levels 
following Benemid were higher in 18 patients 
(94.6%), and in the 19th, the level was the same 
before and after Benemid. Four patients (22%) 
had measurable levels only following Benemid. 
The average level before Benemid was 0.48 units/ 
cc.; the average level following Benemid was 1.43 
units/cc. In this series the average of the indi¬ 
vidual fold increases (5.32) was appreciably larger 
than the fold increase of the average levels (2.98). 
The significance of this difference will be men¬ 
tioned in the discussion. 

The fifth group (Table IV) consisted of four 
patients who received 1,000,000 units of crystalline 
penicillin every two hours. Two had pneumococcic 
meningitis, one had staphylococcic meningitis, and 
in the fourth the diagnosis was non-paralytic polio¬ 
myelitis. Serum penicillin levels were measured 
two hours following an injection of penicillin. The 
average serum level was increased by Benemi 
from 21 units/cc. to 73 units/cc. In two of the pa¬ 
tients spinal fluid levels were determined both be- 
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fore and after Benemid, and showed increases of 10 
to 40 fold. 

TOXICITY 

The toxicity of Benemid appears to be of low 
order. Most of the patients in this study received 
Benemid for only 48 to 72 hours, and in all in¬ 
stances the dosage was 2 gm. per day. However, 
five patients received Benemid for over two weeks. 
In none of the patients was there any evidence of 
systemic toxicity. Intolerance was limited to one 
patient who vomited the medication, and one pa¬ 
tient who complained of dizziness. No abnormal 
urinary findings were detected during or after 
Benemid administration. 

DISCUSSION 

The foregoing data clearly indicate that the oral 
administration of a new compound, Benemid, 
causes a significant elevation of serum penicillin 
levels. In the 139 instances in which a compari¬ 
son was made, penicillin levels were 3.39 times 
higher after Benemid. This is comparable to the 
elevation obtained with carinamide, and is ac¬ 
complished with a much smaller dose. The lower 
dosage requirement is probably largely responsible 
for the greater tolerance of Benemid, and will un¬ 
doubtedly lead to a much wider general acceptance. 

It should be noted that penicillin concentrations 

table IV 

Effect of Benemid on serum and cerebrospinal fluid levels of 
four patients treated with one million units of 
penicillin every two hours 


Patient 

Before Benemid 
penicUUn levels 

After Benemid 
penicillin levels 
{unils/cc^ 

Fold Increase 


Serum 

CSF 

Serum 

CSF 

Serum 

CSF 

B. L. 

10 


50 

7.0 




10 


50 

7.0 






70 


5.7 


C. U. 

7 


40 



i 


10 

0.2 

40 

1 4.0 


20.0 




70 

1 






40 

2.0 

5.6 

10.0 

J.O. 

40 







20 


70 

0.05 

2.3 


H. A. 

SO 

0.05 

100 

2.00 

3.0 

40.0 




200 




Average 

21 

0.12 

73 

2.76 

4.15 

23.3 


were not invariably higher after Benemid adminis¬ 
tration. The least favorable results from this 
standpoint were obtained with procaine penicillin 
(300,000 units) injected once daily, in which an 
elevation occurred in only 68% of the instances. 
When procaine penicillin was administered twice 
daily, elevations occurred in 92%, and with 
aqueous penicillin administered every three hours, 
enhancement was recorded in 95% of cases. The 
marked variability in absorption of penicillin, es¬ 
pecially the procaine salt, undoubtedly accounts 
for these results, and it is not surprising that the 
greatest inconsistencies occurred when penicillin 
was injected only once daily. 

In the present report, the enhancement of penicil¬ 
lin levels has been expressed mathematically in 
two ways, as the average of the individual fold 
increases, and as the fold increase of the aver¬ 
age levels. Disparities between these two fig¬ 
ures occurred in all major groups studied, and 
are a reflection of the marked variability of 
penicillin levels obtained in different patients. 
In any one patient, the results are usually 
fairly constant from day to day, but even under 
these circumstances there is enough variability in 
absorption to produce marked discrepancies. A 
good example occurred in Group 4, in which the 
average of the individual fold increases (5.32) was 
considerably higher than the fold increase of the 
average levels (2.98). Here, the exclusion of 
only one patient, whose pre- and post-Benemid 
penicillin levels were 4 and 10 units respectively, 
would have so altered the results that with both 
methods of calculation the final figure would have 
been approximately 5.3. The average of the indi¬ 
vidual fold increases would appear to be the most 
valid method of expressing the results, since it 
indicates the increment in levels in each patient. 
This point has seemed worthy of emphasis since it 
is not universally realized that there is a great vari¬ 
ability in penicillin levels from patient to patient. 

The administration of Benemid will probably 
contribute little to penicillin therapy in the ma¬ 
jority of infections caused by penicillin sensitive 
organisms. However, there are certain conditions 
in which it may prove of great value in bringing 
about a favorable response, and in reducing the 
cost of treatment. Subacute bacterial endocarditis, 
especially when caused by penicillin resistant or¬ 
ganisms such as enterococci, is one of the diseases 
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in which a great deal may be accomplished by 
Benemld adwimstration. Large amounts of peni¬ 
cillin are required to maintain levels as high as 20 
units/cc. With Benemid, such levels may be ele¬ 
vated to 40 or 80 units/cc. without increasing the 
dosage of penicillin. In some cases this will un¬ 
doubtedly bring about effective therapy, and will 
at the same time minimize the mechanical and 
economic problems of massive penicillin therapy. 
Infections with other penicillin resistant organisms, 
such as staphylococci and certain of the gram nega¬ 
tive bacilli, also fall into this category. In the pa¬ 
tients who received Benemid in addition to 1,000,- 
000 units of crystalline penicillin every two hours, 
the blood levels were never lower than 40 units/cc. 
Concentrations of this magnitude should be ef¬ 
fective in the therapy of certain infections which 
are not ordinarily considered susceptible to peni¬ 
cillin. 

The results obtained in the four patients with 
meningitis were of special interest. Spinal fluid 
penicillin concentrations were elevated 10 to 40 
fold in patients treated by the intramuscular route 
alone. The clinical response in these patients was 
striking, especially in a 43 year old woman who 
was seriously ill with staphylococcal meningitis. 
Benemid given in conjunction with large intra¬ 
muscular doses of penicillin would appear highly 
efficacious in treating meningitis due to gram 
positive bacteria. 

Finally, Benemid may find an important place 
in conjunction with oral penicillin therapy. The 
effectiveness of Benemid in prolonging therapeutic 
concentrations of penicillin should make it possible 
to achieve results with smaller doses, or with ad¬ 
ministration at greater intervals. 

SUMMARY AND CONCLUSIONS 

The effect of the oral administration of 0.5 gm. 
of Benemid every six hours on serum penicillin 
levels was measured in 74 patients. In 51 patients 
treated with procaine penicillin, there was enhance¬ 
ment of penicillin levels following Benemid in 81% 
of the instances, with an average fold increase of 
2.87. In 23 patients treated with crystalline peni¬ 


cillin the levels were higher in 96% of the cases, 
with an average fold increase of 5.10. This three 
to five fold enhancement of penicillin levels should 
make the therapy of certain penicillin resistant in¬ 
fections considerably less expensive, and simpler 
from a mechanical standpoint. 
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Accurate evaluation of the improvement in rheu¬ 
matoid arthritis during therapy has always been 
greatly hampered by the lack of any quantitative 
criteria. Clinicians have depended upon a summa¬ 
tion of clinical observation and a lowering of the 
erythrocyte sedimentation rate to prove a lessening 
of arthritic activity (1). Such clinical observations 
as decrease in joint tenderness or swelling, or in¬ 
crease in range of motion of the affected joints are 
subject to great variation of interpretation, de¬ 
pending upon the experience and enthusiasm of the 
physician, and upon the usual fluctuations of the 
disease process itself. The patient is often so en¬ 
thusiastic about any new form of therapy that he 
minimizes his joint tenderness, and puts forth ex¬ 
tra effort in attempting motion. The erythrocyte 
sedimentation rate, for years the only laboratory 
index of degree of activity in rheumatoid arthritis, 
is a non-specific test. Decrease in the rate often 
lags far behind obvious clinical improvement, and 
the degree of elevation of the sedimentation rate 
is not always in proportion to the activity of the 
arthritis (2). The ideal yardstick for improvement 
must be objective, must show changes promptly 
when they occur; the gradient must be sufficient 
to overshadow technical errors, and it must be con¬ 
sistent under standard conditions. 

In previous reports, Hollander and Horvath 
(3, 4) have shown that the internal temperature of 
the rheumatoid arthritic joint appears to be elevated 
in close correlation with the amount of local in¬ 
flammation as estimated from careful clinical evalu- 

1 Read in part before the annual meeting; of the Ameri¬ 
can Rheumatism Association, San Francisco, California, 
June 23. 1950. 

- Aided in part by a grant from the United States 
Public Health Service. 

® National Foundation for Infantile Paralysis, Fellow 
in Physical Medicine. 

•* Ayerst, McKenna and Harrison Fellow of the Associ¬ 
ation for the Study of Internal Secretions. 

* Fellow of the Belgian-American Education Foundation. 


ation. The internal temperature of a chronically 
inflamed joint varies little from day to day, or even 
from week to week, under standard conditions of 
rest and room temperature except when distinct 
changes in activity of the disease occur (4). Ap¬ 
plication of heat or cold over a joint, exercise 
(4, 5), and administration of certain drugs pro¬ 
duce significant changes in joint temperature (6). 
Because of these observations, particularly the 
fact that intra-articular temperature determination 
apparently measures objectively the degree of in¬ 
flammation of the rheumatoid arthritic joint, it was 
decided to study the effect of various anti-arthritic 
agents on the joint temperature in rheumatoid 
arthritis. 

METHODS 

As previously described (4), the method for determin¬ 
ing intra-articular temperature consisted of inserting a 
filamentous copper-constantan thermocouple into the joint 
space (usually the knee) through the bore of an as¬ 
pirating needle. In the e.Kperiments here reported, the 
e.m.f, developed was translated into degrees Centigrade 
by an automatic recording electronic potentiometer, 
which printed the temperature readings on a kymo- 
graphic record. Determinations were made in a con¬ 
stant temperature room (22“ ± 1° C.) with the patient 
at rest for 30 minutes. 

At the time the aspirations for joint temperature de¬ 
termination were performed, specimens of the joint fluid 
were obtained for total leukocyte count. The synovial 
fluid specimens in oxalated tubes were examined within 
one half hour after collection. The fluid was diluted in 
a white cell pipette and counted in a standard counting 
chamber in the usual way. Tenth normal hydrochloric 
acid was used as the diluting fluid. Specimens which 
contained gross blood were not included. 

Serial joint temperature determinations were made on 
21 afebrile patients with active rheumatoid arthritis. 
In 19 of these an inflamed knee was studied, and in two 
the temperature in an inflamed ankle was measured. 
Control observations were made on hvo or three consecu¬ 
tive days prior to administration of cortisone acetate « or 

® The cortisone acetate was supplied by Merck and Co. 
through Dr. James M. Carlisle, Medical Director, who 
also kindly supplied the tablets of cortisone used. 
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pituitary adrenocorticotropic hormone (ACTH) to be 
sure the pretreatment temperature was consistent. Eleven 
patients were observed with parenterally administered 
cortisone, and ten with ACTH. The dose of cortisone 
was 300 mg. the first day, and 100 mg. daily thereafter. 
ACTH was administered in 80 mg. daily doses (20 mg. 
every six hours). Joint temperature determinations were 
made four hours after the first dose of drug in six in¬ 
stances, and daily determinations were made throughout 
the observation period in all. 

In addition to the above studies, cortisone acetate tab¬ 
lets ® were administered orally to six patients with rheu¬ 
matoid arthritis and serial joint temperature studies were 
performed. Control temperatures were taken just previ¬ 
ous to administration and again after 48 and 96 hours of 
therapy. The oral dosage of cortisone was ISO mg. daily, 
administered as three doses of SO mg. each for the first 
three days of the study period. The amount was then re¬ 
duced to 100 mg. daily in divided doses. No other medica¬ 
tion was used during the period of ‘study in any case. 

As an additional experiment eight patients with rheu¬ 
matoid arthritis were given various agents, supposedly 
“anti-arthritic,” for a period of one week in recommended 
“effective” doses. Following this, and without the pa¬ 
tient’s knowledge, 100 mg. daily of cortisone were sub- 

^The ACTH was supplied by Organon, Inc., through 
Dr. Kenneth Thompson, Medical Director, and by Ar¬ 
mour Laboratories, through Dr. John R. Mote, Medical 
Director. 



Fig. 1. The Initial Fall in Intra-articular Tem¬ 
perature IN 21 Cases of Rheumatoid Arthritis on 
Cortisone or ACTH 

Slopes in the ten on ACTH and the 11 on cortisone 
were so similar that they are not differentiated. 



TIME- OATS 


Fig, 2. Typical Variations in Knee Joint Tem¬ 
perature During and After Administration of Corti¬ 
sone (or ACTH) 

stituted for the unproved “anti-arthritic” agent being as¬ 
sayed. Daily joint temperature determinations were made 
throughout the experiment in each instance. 

RESULTS 

Effect oj Parenteral ACTH and Cortisone 

Within 24 hours of the initiation of hormone 
therapy, a prompt and consistent fall in joint tem¬ 
perature in every case was demonstrated. This ini¬ 
tial trend is illustrated by Figure 1, The minimum 
decrease in joint temperature during the first 24 
hours of administration of cortisone or ACTH 
was 0.7° C,, the maximum decrease was 2.7°, and 
the average was 1.4° C. This is in contrast to a 
maximum fluctuation of 0.4° during the control pe¬ 
riod. Since the rate of fall in both ACTH and 
cortisone treated cases was identical, they are not 
differentiated in the figure. On subsequent treat¬ 
ment days the joint temperature continued to de 
crease, usually approaching normal levels within 
three to five days {i.e., approximately 33° C. for 
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the knee, and 29“ C. for the ankle). A careful 
statistical analysis of the figures showed that the 
rate of fall was significant.® 

It was observed that the fall in joint temperature 
on treatment with the hormones preceded de¬ 
tectable clinical improvement in 14 of the 21 pa¬ 
tients, and preceded by some days any significant 
change in the sedimentation rate in all but two in¬ 
stances. In five of the patients a rebound, or tem¬ 
porary increase in the joint temperature, was noted 
between the third and fifth day of treatment. Char¬ 
acteristic curves of the joint temperature response 
during and after cortisone administration are 
charted on Figure 2. These same variations were 
seen with ACTH. 

The joint temperature began to rise within 24- 
to 48 hours after stopping ACTH or cortisone ad¬ 
ministration in all cases studied. This rise pre¬ 
ceded clinical relapse in 17 instances. In five pa¬ 
tients, however, some rise in temperature of the 
joint was noted even before the hormones were 
stopped. In 14 instances the joint temperature 
had returned to pre-treatment levels within one 
week after cessation of cortisone or ACTH, but 
in seven cases (five ACTH treated, and two corti¬ 
sone treated) the relapse to pre-treatment joint 
temperature levels was delayed until the ninth to 
13th post-treatment day. 

The serial synovial fluid cell counts on the pa¬ 
tients during administration of cortisone or ACTH 
showed a pronounced decrease in leukocytes which 
paralleled the fall in joint temperature. This is 
illustrated in Figure 3. Frequent technical diffi¬ 
culties from clotting of the fluid, contamination with 
blood or insufficient fluid interfered with ac¬ 
curate results. Because of such difficulties only 
nine of the 21 cases under study could be charted. 

The Effect of Oral Cortisone an Intra-articnlar 
Temperature 

In all six patients to whom cortisone acetate 
was administered orally in the form of tablets, a 
marked drop in joint temperature was noted within 
48 hours. Since these were out-patients, an initial 
24 hour joint temperature determination was not 
accomplished. Figure 4 illustrates the drop in 

® Acknowledgment is made to Dr. J. Harold Austin, 
Emeritus Professor of Research Medicine, University of 
Pennsylvania, for the statistical analysis of the data. 



CORTISONE OR ACTH TREATMENT 

Fig. 3. The Effect of ACTH or Cortisone Adminis¬ 
tration ON THE Joint Fluid Cell Count in Nine Cases 
OF Rheumatoid Arthritis 

Cases S, M, C, and La v/ere on ACTH; L, Si, G, W, 
and Me were on cortisone. 

joint temperature after oral administration which 
paralleled the fall in joint temperature seen on 
parenteral administration (Figure 1). The clini¬ 
cal improvement noted in these patients was com¬ 
parable to that seen with parenteral administration 
of cortisone. 

The Effect of Other So-called "'Anti-arthritic" 
Agents versus Cortisone on Joint Temperature 

Since the method of joint temperature determi¬ 
nation showed such a prompt change in every case 
treated with cortisone or ACTH, it has been used 
to test other possible “anti-arthritic” agents. Sev¬ 
eral steroids have been recommended for treating 
rheumatoid arthritis: delta-5-pregnenoIone (7), 
testosterone (8), 21-acetoxypregnenolone (Arti- 
sone) (9), and others. Some of these were identi¬ 
fied only by number as their structural formulae 
and chemical names had not been revealed at the 
time of study. The steroids used for the study 
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Fig. 4. The Initial Effect of Orally Administered 
Cortisone Acetate on Knee Joint Temperature in 
Six Cases of Rheumatoid Arthritis 


were (c) No. 10270 (16-dehydropregnenolone ace¬ 
tate), (b) 21-acetoxypregnenolone (Artisone), 
(c) testosterone propionate, (d) delta-5 pregnen¬ 
olone, and (e) C.S. 117 (21-acetoxypregnenolone 
acetate) In addition, one cinchoninic acid deriva¬ 
tive (3-hydroxy, 2-phenyI cinchoninic acid), re¬ 
ferred to as H.P.C., has been recommended for its 
possible anti-rheumatic activity (10). Because of 
the unproved effects of the “other steroids,” as 
well as their unknown nature in some instances, 
they have been labelled in Figure 5 as “myster- 
oids.” The doses of each agent used are given in 
the legend of Figure 5. Each one was administered 
in the “recommended” amounts, and continued 
for one week, after which cortisone was substituted 
in the usual dosage. Only one or two examples of 
treatment with each “mysteroid” were studied 
with serial joint temperature determination, as 
the clinical results in a series of patients treated 

» The above agents were kindly supplied by Eli Lilly 
and Co., Organon, Inc., and Wyeth, Inc. 


with each of these other agents had been discourag¬ 
ing, The contrasting effect, in each of the eight 
cases, of the unproved drug and cortisone on the 
joint temperature of the inflamed knee is ap¬ 
parent. These patients had been admitted “for 
cortisone treatment,” so believed they were re¬ 
ceiving cortisone from the beginning of the study. 
None of the “mysteroids” produced any signifi¬ 
cant fall in joint temperature nor objective clinical 
improvement, yet in every case a prompt and 
marked fall occurred with the administration of 
cortisone. The fall in joint temperature with the 
start of cortisone administration was accompanied 
by prompt clinical improvement in every case stud¬ 
ied. Interestingly enough, without exception, 
these patients, even though unaware that cortisone 
had been substituted, remarked on this sudden 
change in effectiveness. The joint temperature in 
the patient given H.P.C. orally was depressed 
about 1° C. from the control level throughout the 



Fig. S. The Comparative Effect of Administration 
OF Other "Anti-arthritic” Agents (Mysteroids) and 
Cortisone on the Knee Joint Temperature in Eight 
Cases of Rheumatoid Arthritis 


Cases I and 4 received 300 mg, daily of 16-dehydro- 
regnenolone; cases 3 and 7 received 300 mg. daily of 21- 
:etoxypregnenolone; case 2 received orally 40 mg./kg. 
3 dy weight daily of H.P.C.; case 5 received 200 mg. of 
stosterone propionate daily; case 6 received ^ m^ 
lily of delta-S pregnenolone, and case 8 receive 
g. of 2 I-aceto.Nypregnenolone acetate daily during the 

itial period. 
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Fig. 6. The Compaeative Effect of Administration 
OF Other "Anti-arthritic” Agents and Cortisone on 
THE Joint Fluid Cell Count in Four Cases of Rheu¬ 
matoid Arthritis 
Doses used were noted on Figure 5. 

period of administration, much the same as pre¬ 
viously noted from large doses of salicylates (6). 
Here again when cortisone was substituted the 
drop in joint temperature was more pronounced 
and objective clinical improvement was noted. 

The correlated determination of cell count 
of the synovial fluid with this study is illustrated by 
Figure 6. Little change in the synovial fluid cell 
count was noted until cortisone was substituted 
for the “mysteroid,” after which the cell count 
decreased in three out of four instances. 

DISCUSSION 

With the advent of cortisone and ACTH, it 
became possible to bring about rapid clinical im¬ 
provement in rheumatoid arthritis. Using these 
agents, and correlating clinical improvement with 
joint temperature measurement, a distinct paral¬ 


lelism was demonstrated. The experiments were 
limited to relatively short periods of observation, 
but appeared to demonstrate the prompt effective¬ 
ness of the agents under study. Whereas clinical 
determination of effect is difficult to evaluate on any 
but a large series of patients over considerable 
time, serial joint temperature determination might 
provide a rapid, relatively simple criterion for de¬ 
termining drug effectiveness in active rheumatoid 
arthritis. 

The changes in joint temperature produced by 
administration and withdrawal of ACTH and cor¬ 
tisone seem greater than one would expect from 
circulatory variation alone. Changes in tissue 
metabolism in the synovium might account for 
much of the increased or decreased heat. This is 
still under study. 

Moderate variations of room temperature have 
only a relatively minor effect on joint temperature 
(4). The electronic potentiometer recorded 
room temperature as well as simultaneous skin and 
joint temperatures. It will be noted from Figure 3 
that an occasional break in the steady downward 
slope of joint temperature was recorded. In three 
of five such instances a restless night preceded the 
test, but as yet no definite explanation for the 
temporary elevation has been found. Likewise, 
the rise in joint temperature seen before stopping 
the hormones in seven cases may have indicated 
that the dose was inadequate, but this is not certain. 

At least by the criterion of joint temperature 
measurement no other drug has been found so far 
which has any therapeutic effect at all comparable 
to ACTH or cortisone. By this method also, 
the effectiveness of orally administered cortisone 
has been found comparable with the parenteral 
preparation. 

Because of the already described technical diffi¬ 
culties experienced in performing the joint fluid 
cell counts, the method for determining clinical 
effect objectively by drop in cells in the synovial 
fluid was found to be inferior to the more consistent 
determination of joint temperature. 

SUMMARY 

Serial intra-articular temperature determinations 
were made on 21 rheumatoid arthritic patients be¬ 
fore, during, and after a course of parenterally ad¬ 
ministered ACTH or cortisone. Cell counts were 
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made on the synovial fluid obtained at the time 
of the aspirations for temperature determination in 
nine of the 21 patients. In every instance there 
was a pronounced fall in joint temperature within 
the first 24 hours of ACTH or cortisone adminis¬ 
tration, which approached normal by the fourth 
day of the treatment period. Joint fluid cell counts 
also showed a pronounced drop. Cortisone was 
administered orally to six patients with rheumatoid 
arthritis, with serial joint temperature determina¬ 
tions showing a similar fall in every instance. 
Eight patients with rheumatoid arthritis were given 
various other steroids for a period of one week, and 
serial joint temperature determinations made. 
Without the patients’ knowledge cortisone was then 
substituted. None of these supposed anti-ar¬ 
thritic agents produced the fall in joint temperature 
which occurred in every case after the substitu¬ 
tion of cortisone. 

Serial joint temperature determination is sug¬ 
gested as a rapid and possibly specific laboratory 
method for establishing additional evidence of 
therapeutic effectiveness of anti-arthritic agents. 
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Extensive studies are available concerning the 
effect of epinephrine upon the lesser circulation of 
several species of animals and a variety of animal 
preparations. Until recently, this type of investi¬ 
gation has not been possible in man. The develop¬ 
ment of methods has now made such studies feasi¬ 
ble, and much can be learned in a quantitative and 
semi-quantitative way. The intracardiac catheter, 
the dye dilution techniques for blood flow and vol¬ 
ume, and a high frequency recording manometer 
are the corner-stones of the present study. 

The purpose of this work was to discover what 
changes in pulmonary circulatory dynamics re¬ 
sulted from an intramuscular injection of epineph¬ 
rine into a human. This aim was primarily clini¬ 
cal; therefore, dose, route of administration, and 
drug preparation were those commonly employed 
in therapy. 

MATERIALS AND METHODS 

N 

The patients were chosen at random from the medical 
and surgical chest services at Lawson VA Hospital. In 
age they ranged from 20 to 55 years. The average age 
was 31 years. All were male. Diagnoses and a sum¬ 
mary of data are listed in Table I, None had clinical 
evidence of cardiovascular disease. With the exception 
of Cases 1, 2, 12, and 13, the pulmonary lesions were so 
sharply localized or limited in degree that no significant 
disturbance in the pulmonary circulation was suspected. 
The experiments dealing with intravenous and intra¬ 
muscular injection of epinephrine were performed on 
these 13 patients in the post absorptive state. 

The epinephrine * was a U.S.P. preparation and is said 
by its manufacturer to be a synthetic material, to exist 
100 per cent in the levo-rotatory form as a hydrochloride, 
and to contain no traces of nor-epinephrine. 


Reviewed in the Veterans Administration and pub¬ 
lished with the approval of the Chief Medical Director. 
The statements and conclusions published by the authors 
are the result of their own study and do not necessarily 
reflect the opinion or the policy of the Veterans Adminis¬ 
tration. 

-Gold Leaf Pharmacal Company, New Rochelle, New 
York. 


Pulmonary artery catheterization was performed in the 
usual way with a 6-F or 8-F intracardiac catheter. All 
systemic arterial blood samples and pressure records 
were obtained from an indwelling, femoral arterial needle. 
An electromanometer (Sanborn), recording through a 
single channel, direct-writing electrocardiograph (San¬ 
born), was used for all pressure tracings. Arbitrary ref¬ 
erence point was 5 cm. below the sternal angle of Louis. 
Mean pressures were obtained by electrical integration of 
the pulse contours. Pulmonary “capillary” pressures were 
obtained as described by Hellems, Haynes, and Dexter (1). 

Cardiac outputs were derived by the dye dilution method 
of Hamilton (2, 3), using Evans Blue dye (T-1824), and 
the technique of Dow and Pickering for determination of 
dye concentration (4). Dye output determinations done 
in this way have been shown to correlate well with the 
Fick procedure (5). The lesser, mean, and total circula¬ 
tion times, as derived from the graphic representation of 
the dye concentration curve, may be defined as follows: 
Lesser {fastest) circulation time is the appearance time 
(extrapolated) of the first detectable dye arriving at the 
femoral artery by the most rapid pathway. Mean circu¬ 
lation time is the mean of the appearance times of dye par¬ 
ticles arriving at the femoral artery from all pathways 
during the dye’s first complete circulation, and total cir¬ 
culation time is the time required for the dye column to 
completely circulate one time after having first reached 
the femoral artery (time of recirculation minus the lesser 
circulation time). A figure (“Q”) was also derived from 
the dye curve as an index of pulmonary blood volume, as 
described by Ebert and associates (6). “Q” not only rep¬ 
resents blood in the pulmonary vascular bed but also that 
in the left side of the heart, the aorta, and certain large 
arteries. 

Although both Ebert and we ourselves have noted con¬ 
siderable scatter of values for “Q” in a series, we have 
also noted a surprising reproducibility in the same pa¬ 
tient (7), even when the patient was in an unstable state. 
Figure 1 indicates that in the present study unless the 
“Q” value decreased by a very large amount, which we 
have attributed to the epinephrine, the majority of the 
figures changed less than 10 per cent in spite of gross 
changes in both cardiac output and mean circulation. In 
no case in which we have checked the procedure without 
disturbing the circulation, has there been a discrepancy 
of over 15 per cent, and almost all were within 10 per cent 

Vascular resistance and cardiac work were calculated 
according to the formulae mentioned by Dexter and as¬ 
sociates (8). 

The basic experiments were done as follows: The fast- 
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Pulmonary circulation data before and after epinephrine 
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Diagnosis 

Extensive bronchiectasis 

Tuberculosis, rt. pneu¬ 
mothorax 

Normal 

Bronchiectasis 

Tuberculosis, rt. upper 
lobe 

Bronchiectasis, rt. lower 
lobe 
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ing patients were sedated with .1 or .2 gm. of sodium 
phencbarbital intramuscularly, the catheter placed in tlie 
pulmonary artery, and the indwelling, femoral arterial 
needle inserted, A preliminary dye injection was made 
and several pressure tracings taken. Then 0.5 to 0.7 cc. 
of J; 1000 dilution ol epinephrine wns injected intra¬ 
muscularly, and pressures were closely followed. From 
two and one-half to 10 minutes later, a second dye in¬ 
jection was made. In most instances, the pressures were 
followed until their return to normal. Jn one case, a third 
dye injection was done. In addition, 0.025 mg. of 
epinephrine rvas given intravenously on six occasions, and 
continuous tracings of either the femoral, pulmonary ar¬ 
terial, or pulmonary “capillary” pressures were recorded. 

RESULTS 

Pressure Changes in the Pulntoitary Circulation 

Under basal conditions at the beginning of the 
studies, the average pulmonary artery pressure for 
our 13 patients was 18.6 with a mean value of 11 
mm, Hg. Mean “captliary” pressures in five pa¬ 
tients averaged 4 mm. Hg with a range of from 2 
to 7 mm. Hg. These pressures are generally lower 
than those found in some normal series (8), The 
reason for this difference probably lies in the arbi¬ 
trarily chosen reference points. Our average pul¬ 
monary artery-pulmonary “capillary” gradient was 
8.6 mm, Hg with a range of from 4 to 14 mm. Hg. 

The mean pulmonary artery pressure rose in 
every case following the injection of epinephrine. 
The average rise of the mean pulmonary artery 
pressure was 4.4 ± .54 ® mm. Hg with a range of 2 
to 8 mm. Hg. This rise was due chiefly to an ele¬ 
vation of systolic pressure which rose, on the aver¬ 
age, 6 mm. Hg with a range of 2 to 14 mm- Hg. 
The average diastolic rise was only 2 mm. Hg with 
a range of 0 to 6 mm. Hg. The only two patients 
who had a striking diastolic rise (6 mm. Hg each) 
were among those four who were judged to have 
severe chronic lung disease but no pulmonary hy¬ 
pertension. The other two such patients had mild 
pulmonary hypertension but had diastolic rises of 
only 2 and 3 mm. Hg each. 

The pulmonary pressure rise usually began in 
one to two minutes after the intramuscular in¬ 
jection, reached a peak in two to 16 minutes (aver¬ 
age 7 mm. Hg), and gradually returned to basal 
levels in about 20 minutes. In three patients, how¬ 
ever, the return to norma] was not so prompt, and 
pressure was still elevated at 30,32 and 46 minutes 

3 All values are expressed as mean ± standard error of 
the mean. 
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Fig. 1. Relation between Chances in the Mean 
Valves of Pulisonary Blood Volume Index and Pul¬ 
monary Artery Pressures after Administration of 
Epinepbrine 

When the index of pulmonary blood volume (“Q”) was 
determined at a time when the epinephrine-induced pul¬ 
monary hypertension was at its peak (in five cases), the 
pulmonary blood volume index had fallen considerably be¬ 
low its initial level. Also, in these five cases, the changes 
in cardiac output were much less than in the remaining 
eight cases. 

after injection. In these patients, no clinical or 
subjective signs of epinephrine effects were then 
present, with the exception of a slightly elevated 
pulse rate. 

The pulmonary “capillary” pressure measured in 
five cases rose very slightly if at all. The average 
pressure at the time of the second set of determina¬ 
tions was only 0.5 mm. Hg higher than the average 
before epinephrine. This average figure, derived 
{com single readings, sometimes temporally distant 
from the peak effect, however, obscures the fact 
that there was a 2 to 3 mm, Hg rise in pulmonary 
“capillary" pressure in most cases coincident with 
the peak rise in mean pulmonary artery pressure. 
It was never of sufficient degree to account for the 
total elevation in mean pulmonary artery pressure 
and, as in Case 2 (Figure 2), had disappeared, 
while the pulmonary artery pressure was still high. 

The pulmonary artery-pulmonarj' “capillary” 
gradient, however, had increased quite sharply in 
four cases and slightly in the fifth at the times at 
which it was measured. The average increase was 
3 nun. Hg higher after epinephrine. 
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Fig, 2. Hemodynamic Changes following Epinephrine Injection as 

Observed in Case 9 
C.O. = cardiac output 

“Q” = index of pulmonary blood volume 

P.A. Sys. = pulmonary artery systolic pressure 
P.A. Mean = pulmonary artery mean pressure 
P.A. Diast. = pulmonary artery diastolic pressure 
P.C. Mean = pulmonary “capillary" mean pressure 
Calculated figures for pulmonary vascular resistance are written beneath 
“Q” block graphs. Time of injection of epinephrine is represented by large 
arrow at time denoted as 10:00 o’clock. Note that “Q” decreased consider¬ 
ably in the presence of elevated pulmonary resistance, pulmonary artery pres¬ 
sure, and cardiac output. 


An attempt was made to determine whether a di¬ 
rect effect of epinephrine on the pulmonary artery 
could be demonstrated by injecting 0.025 mg, of 
epinephrine directly into the antecubital vein and 
noting the time required for the expected rise in 
pulmonary artery pressure to occur. The proce¬ 
dure was then repeated in the same patient while 
a continuous tracing was made of the pulmonary 
artery, capillary, or femoral artery pressure. If 
the intravenously injected epinephrine had had a 
direct effect on the pulmonary vascular bed in its 
first passage through it, a rise in pulmonary ar¬ 
tery pressure should be expected in eight to 10 
seconds (9). Only one of three patients showed 
a detectable response at a time (11 seconds) ap¬ 
proaching this, and that patient also had just as 
early a response in femoral artery pressure. 
Therefore, we were unable to demonstrate by this 
rough method and with this dosage, a direct effect 


of epinephrine on the pulmonary vascular tree. 
Doyle, Wilson, and Warren (10), using a similar 
technique, have shown that in four of a group of 
five patients there was a rise in pulmonary artery 
pressure within 10 to 12 seconds after the intra¬ 
venous injection of epinephrine. Other studies 
with simultaneous ballistocardiograph and femoral 
and pulmonary artery pressure tracings, after a 
small intravenous dose of epinephrine, should be 
done. 

Cardiac Output, Pulse Rate, Stroke Volume 

Before epinephrine, our initial cardiac indices 
averaged 3.0 L/min./sq.m. with a range from 2.3 
to 4.3, which compares favorably with basal pa¬ 
tients studied by the Pick method (11). Two and 
one-half to 11 minutes after the intramuscular in¬ 
jection of epinephrine the mean rise of the cardiac 
index was 1.0 0.1 L/min./sq.m. There was a 
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rise in 11 of the 13 patients, no change in one 
(Case 10), and a definite fall in another (Case 
12). There was no apparent reason for the failure 
of the index to rise in Case 10. Case 12, however, 
was rather anxious and had a high initial cardiac 
output which probably masked any change that 
might have been caused by the epinephrine. There 
was, in addition, very little acceleration of the pulse 
in this patient after epinephrine in spite of a defi¬ 
nite change in circulation time. 

Pulse rate increased from five to 30 beats per 
minute following epinephrine. Averages before 
and after epinephrine were 82 and 98 respectively. 
A rise was noted in all 13 cases. 

Stroke volume increased in 10 of 13 cases. In¬ 
creases ranged from 8 to 90 per cent with an 
average rise of 26 per cent. In the other three 
cases, there was a moderate fall of from 16 to 22 
per cent. 

Circulation Times 

Speed of circulation of the dye from pulmonary 
to femoral artery was increased in every instance 
following epinephrine. This was not so apparent 
in the “lesser” circulation time because sampling of 
femoral arterial blood was done only at two-second 
intervals, and the smaller absolute changes might 
have been partially missed. Average resting values 
for the lesser, mean, and total circulation times 
were 5, 11.7, and 12.8 seconds respectively. After 
epinephrine, these values dropped to 2,9, 8, and 
9.4 seconds. There was an impressive acceleration 
of blood flow in every case when measured by the 
mean circulation time. 

Pulmonary Blood Volume Index or "Q" 

The average “Q” for our 13 patients under basal 
conditions was 1087 cc. ranging from 470 to 1730 
cc. These figures are slightly lower than the figure 
given by Ebert and colleagues (6). One explana¬ 
tion may be that Ebert’s group was a more nearly 
normal group. Moreover, the cardiac outputs and 
mean circulation times used in the formula for “Q” 
by Ebert were not simultaneous, since the outputs 
were done by the Pick procedure and the circula¬ 
tion time derived from a dye curve obtained after¬ 
wards. There may have been changes in the cir¬ 
culation time or cardiac output beUveen the two 
procedures. 


The average “Q” after epinephrine was 959 cc., 
an average decrease of 128 72 cc., which is not 

significant. It must be remembered that usually 
only one dye dilution curve, covering a period of 
about 20 seconds, was done on each patient after 
the epinephrine .injection. Transient changes 
might or might not have coincided with the dye 
procedure. This, indeed, seems quite probable 
when individual protocols are studied. Figure 1 
illustrates a significant correlation between the 
height of the pulmonary artery pressure rise and 
the change in “Q.” If the procedure was done 
when the mean pulmonary artery pressure was 
quite high, “Q” was apt to have fallen; if the de¬ 
termination was done before or after the peak rise 
in pressure, the “Q” value remained nearly the 
same. Figure 1 reveals five cases (Cases 9-13) 
in which “Q” fell from 16 to 46 per cent (150 to 
600 cc.), well outside the usual variation of 10 per 
cent. 

If these five experiments in which there was a 
considerable fall in “Q” are separated and com¬ 
pared with the remaining eight cases in which “Q” 
showed little change, it will be found that there is 
no great difference between the two groups in re¬ 
gard to the change in pulse rate and circulation 
time; also, the temporal relation between the de¬ 
terminations and the epinephrine injection was the 
same. In addition to the relationship illustrated 
in Figure 1, there is a great difference between this 
group of five cases and the remaining eight patients 
in regard to change in cardiac index and stroke vol¬ 
ume. Among these five cases in which “Q” fell, 
only one had a large increase in cardiac index; 
the average rise in cardiac index was only 8 per 
cent. Average stroke volume rise was equally in¬ 
significant (0.6 per cent). In the remaining eight 
cases, however, the average rise in cardiac index 
was over 50 per cent and in stroke volume, over 30 
per cent. The relationship of the changes of the 
cardiac index to the changes of the pulmonary 
blood volume index is graphically expressed in 
Figure 3. A positive correlation of stroke volume 
with pulmonary blood volume has been noted pre¬ 
viously under physiological conditions in man (3). 

In summary, five of 13 patients had a fall in “Q” 
following epinephrine administration, which was 
concomitant with the peak rise in pulmonary ar¬ 
tery pressure. Four of these five cases had negligi¬ 
ble changes in cardiac output, whereas most of the 
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Fig. 3. Relation between Changes in the Mean 
Values of the Cardiac Index and the Volume of 
Blood within the Lung (“Q”). following Epineph¬ 
rine Administration 

When the output has changed little, the pulmonary blood 
volume index tends to fall ; when the output increases, the 
index of pulmonary blood volume tends to remain the 
same or increase. 

remaining eight cases had marked increases in 
cardiac output with relatively little change in “Q.” 

Pulmonary Vascular Resistance and Right Ven¬ 
tricular Work 

In five cases (Cases 1, 2, 4, S, 9), the pressure 
gradient between pulmonary artery and pulmonary 
“capillary” was determined before and after epi¬ 
nephrine and pulmonary vascular resistance cal¬ 
culated. This figure rose 26, 19, and 27 per cent 
in three cases (Cases 4, 5, 9) and fell 40 and 26 
per cent in the other two cases (Cases 1,2). 

Looking at these cases individually, we see that 
all of the first mentioned patients had relatively 
mild disease and had little change in diastolic 
pressure after the drug. Calculated basal vascu¬ 
lar resistances were within Dexter’s normal range 
(8). The other two patients had severe lung dis¬ 
ease, had mild pulmonary hypertension at rest 
(the two highest of all the 13 patients), and defi¬ 
nitely had a rise in diastolic pressure after epineph¬ 
rine. One of the two also had the very low “Q” 
value of 470 cc. (the lowest in the entire series). 
The resulting values for pulmonary vascular resis¬ 
tance in these two were markedly elevated at rest 
when compared with the other three or with Dex¬ 
ter’s normal values. 

To summarize this information, the three pa¬ 


tients with relatively normal pulmonary vascular 
beds showed evidence of an increase in pulmonary 
vascular resistance following epinephrine. In two 
patients with considerable evidence of chronic 
lung disease and probable pulmonary vascular dis¬ 
ease, there was a considerable fall in pulmonary 
vascular resistance. 

The work of the right ventricle against pressure 
increased sharply in every case, from 30 to 174 per 
cent, with an average of 99 per cent. This result 
was not surprising since in almost every instance 
there was a rise in both pulmonary artery pres¬ 
sure and in cardiac output. 

Left Ventricular Work, Systemic Arterial Pres¬ 
sure, and Peripheral Resistance 

Since we were almost constantly recording pres¬ 
sure in the pulmonary circuit with our single 
manometer, it was impossible to study the pres¬ 
sure responses in the femoral artery adequately. 
A special point, however, was made of taking such 
a recording immediately following the dye injec¬ 
tion so that peripheral resistance and left ventricu¬ 
lar work could be calculated. Otherwise, our in¬ 
formation was not adequate to draw conclusions 
about the systemic pressure response in these ex¬ 
periments. Such studies have been done (12), 
and our impression is that our cases would have 
shown nothing unexpected. In every case, the 
pulse contour suggested a decrease in peripheral 
resistance, and this was corroborated by calcula¬ 
tion. There was a slight rise of 5 to 15 mm. Hg in 
the systolic pressure in a few cases, and the mean 
pressure rose slightly in six patients. Diastolic 
pressure fell slightly or did not change. Mean 
pressures fell slightly in six cases. No recording 
was made in one. 

Left ventricular work rose in 10 of 12 cases 
where it could be calculated, but the average rise 
was only 25 per cent, about half the percentage 
rise of work in the right ventricle. In absolute 
terms, however, the changes in left ventricular 
work against pressure were considerably more 
than the changes occurring in the right ventricle. 

DISCUSSION 

Effect of Epinephrme on Ptdmonary Blood 

Volume 

Using dye injection methods, Hamilton has dem¬ 
onstrated that large doses (.1 to .5 mg.) of epi- 
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nephrine, injected intravenously into the intact 
dog under morphine anesthesia, result in a slowing 
of the pulse rate and circulation time, a fall in car¬ 
diac output, and an increase in the quantity of blood 
encompassed by the figure "Q" (13). This has 
been explained as the result of the inability of the 
left ventricle to increase its output against a sud¬ 
denly increased pressure; as a consequence, blood 
dams back into the pulmonary reservoir and in 
the right side of the heart and in the veins. 
Wearn and associates have, by direct observation 
in animals, noted the opening up of new capillaries 
and engorgement of small pulmonary blood vessels 
after similar doses of epinephrine (14). It seems 
reasonable to believe that with these large doses in 
the dog, an increase in the volume of blood within 
the lung does occur. 

With small doses of epinephrine, however, the 
evidence is to the contrary. By direct observations. 
Hall found a rapid pulse and alveolar capillaries 
which became thinner and contained less blood 
(15). 

In the heart-lung preparation very small doses 
invariably increased heart rate and blood flow 
and decreased the pulmonary blood volume (16). 
Daly concluded that there was fairly good evi¬ 
dence from several sources that epinephrine caused 


a decrease in size in the large extrapulmonary 
portions of the pulmonary vascular system (17). 

In a number of cases, we have demonstrated 
that the circulating pulmonary blood volume index 
probably drops precipitously for a short time after 
a small intramuscular dose of epinephrine. Since 
only about 60 cc. of blood are contained in the hu¬ 
man pulmonary capillaries (18) and, of course, a 
very small amount in the precapillaries, the drop 
in “Q” of several hundred cubic centimeters prob¬ 
ably cannot be explained on the basis of changes in 
the volume of these sections of the pulmonary vas¬ 
cular bed. Changes of this magnitude must reflect 
a decrease in the volume of the large pulmonary 
arteries and veins regardless of what is happening 
in the “arterioles” or “capillaries." If an increase 
in pulmonary vascular resistance reflects a de¬ 
crease in size of the pulmonary “arterioles,” our 
observations on a few cases indicate the lack of re¬ 
lations between total pulmonary blood volume and 
size of the “arteriolar” bed in these cases. In Fig¬ 
ures 2 and 4, two cases are shown in which the 
vascular resistance definitely increased. In one, 
however, there was apparently a considerable de¬ 
crease in pulmonary blood volume index, but in the 
other there was no change. 

The question arises whether this change in “Q” 



Fig. 4. Hemodynamic Changes following Epinephrine, as Observed in Case 5 
Symbols are the same as in Figure 3. In tius case, “Q” did not change appreciably, 
although all other values represented did increase. 
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iTiight be due partially to changes in the extra- 
pulmonary components that make up the total 
value. It is true that the size of the left heart 
might become smaller after epinephrine, but it 
seems unlikely that a normal heart would shrink 
enough to account for a drop of several hundred 
cubic centimeters. Little is known about the reac¬ 
tion of the living human aorta to epinephrine, but 
the evidence is that small doses probably dilate cer¬ 
tain large arteries such as the femoral (19), This 
would actually tend to increase the "Q” value. 

In his experiments with epinephrine, using dogs, 
Hamilton (13) found a prolonged dye dilution 
curve which indicated a low output and slow cir¬ 
culation. Using comparatively much smaller doses 
in the human, we have found dye curves of short 
duration which indicate increased outputs and 
rapid circulation. In Hamilton's experiments, 
heart rates were slowed, but in ours they were ac¬ 
celerated, Our epinephrine dye curves very 
closely resembled those in Hamilton’s dogs follow¬ 
ing amyl nitrite. Apparently, circulatory dynamics 
in such experiments also closely approached those 
in ours. After amyl nitrite there was an increase 
in cardiac output, rapid circulation, accelerated 
heart rate, a fall in systemic peripheral resistance, 
and a decreased intrathoracic blood volume. 

There is ample evidence from many sources that 
in therapeutic doses in man, epinephrine is a gen¬ 
eral vasodilator drug. This is apparent from pulse 
contours, fall in peripheral resistance, and direct 
effect on large arteries (12, 20-22). There is a 
profound redistribution of blood flow, the best 
known examples of which are the blanching of the 
skin and the increased flow to skeletal muscle (19). 

It seems possible that the mechanisms whereby 
amyl nitrite and small amounts of epinephrine 
cause the heart to pump blood from the lesser into 
the greater circulation may be similar. In both 
cases the lung is giving up blood to widely dilated 
vascular areas. There is, nevertheless, one great 
difference in the action of the two drugs. Al¬ 
though their peripheral actions are similar, epi¬ 
nephrine has a stimulating effect on the myocar¬ 
dium that amyl nitrite lacks. McMichael and 
Sharpey-Schafer have shown that with very small 
doses this effect may be evident in an increased 
stroke volume without change in pulse rate or 
blood pressure (23). This implies a separation of 
the central and peripheral actions of the drug and 


suggests why in our experiments the fall in pul¬ 
monary blood volume index is probably so incon¬ 
stant. When cardiac output increase is substantial, 
as in most of our cases, the dilated areas can be 
served without calling on the pulmonary circula¬ 
tion, but when the peripheral action of the drug is 
the more pronounced, there is relatively little 
change in output, and the pulmonary vascular cir¬ 
cuit is drained to supply the dilated peripheral ar¬ 
terial beds. This explanation fits in with the fact 
that in our experiments demonstrating a fall in 
pulmonary blood volume index, there was very 
little or no increase in cardiac output and in stroke 
volume, although a fall in peripheral resistance 
and circulation time, and an increase in pulse rate 
had taken place. In the other cases, however, 
there was a decided increase in stroke volume and 
minute output, and the pulmonary blood volume 
index did not change. 

Effect on the Pressures in the Pulmonary Circuit 

The most consistent effect of epinephrine on the 
lesser circulation has been a rise in pulmonary ar¬ 
tery pressure. The pressure in this system is con¬ 
tinually influenced by the output of the right ven¬ 
tricle, the effect of back pressure in the pulmonary 
veins, and peripheral resistance in the pulmonary 
circuit (9). To elevate the pulmonary artery 
pressure in the normal human by increasing the 
cardiac output is difficult. When this is done by 
exercise, a minimum cardiac index of 5.5 to 6.0 
is necessary (8, 24). These values were not ap¬ 
proached in our cases. In addition, the largest 
increases in pulmonary artery pressure, which 
were accompanied by a fall in '^Q,” had the small¬ 
est increases in cardiac output. Although an in¬ 
crease in blood flow might tend to increase the 
pressure, it is an insufficient reason to explain the 
rise in the present experiment. 

Hamilton's experiments with dogs given large 
doses of epinephrine clearly indicated that the pul¬ 
monary artery pressure increases so recorded were 
simply a reflection of an increased pulmonary ve¬ 
nous pressure and that no change in the pressure 
gradient between the pulmonary artery and vein 
occurred (25). This does not seem to be an ade¬ 
quate explanation in the present experiments, be¬ 
cause in the cases in which it was measured, there 
was very little change in the pulmonary “capillary 
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Fig. 5. Sample Tracings from Experiment on Case 9 (Figure 3). 

At the left are pulmonary artery and pulmonary "capillary" tracings taken shortly before the 
injection of epinephrine. Similar tracings 10 minutes after epinephrine are seen on the right. 
The dampened portions of the records are electrically integrated mean values. Standardizations 
and base lines have been copied into the left corner of each record. Time interval between C and 


D was less than IS seconds. 

pressure, and consequently an increased gradient 
resulted. In the cases in which the pulmonary 
“capillary” pressure was not measured, there was 
relatively little change in the diastolic pressures af¬ 
ter epinephrine, and since a relation between pul¬ 
monary artery diastolic and pulmonary “capillary” 
pressure has been established (8), the pulmonary 
“capillary” pressure probably did not rise very 
much in this group either. The exceptions to the 
previous statement are the patients with wide¬ 
spread chronic lung disease. 

Hamilton has pointed out that changes in the 
pressure gradient across the pulmonary circuit are 
considerably more important than the actual level 
of pressure in the pulmonary artery in determin¬ 
ing whether peripheral resistance has changed or 
not (26). A sudden large increase in the cardiac 
output might conceivably widen the gradient, but 
cardiac output changes of the order of magnitude 
that we have found do not. The only explanation 
remaining, that there has been a decrease in the 
cross sectional areas of the terminal “arterioles,” 
is likely (27). Hall’s observations suggest the 
same conclusion (15). In three relatively normal 


cases (Figures 3 and 4), a moderate but definite 
increase in pulmonary vascular resistance has been 
demonstrated. Pressure records of one of these 
are seen in Figure 5. In the two cases with chronic 
lung disease and resting pulmonary hypertension, 
an entirely different result occurred. The ele¬ 
vated figures for pulmonary vascular resistance at 
rest fell considerably after epinephrine. This 
would be more difficult to understand were we to 
believe that the high pulmonary artery pressures 
and resistance were due to irreversible organic nar¬ 
rowing of the terminal “arterioles” and precapil¬ 
laries. Coumand and his coworkers have recently 
shown quite definitely that the pulmonary hyper¬ 
tension of chronic lung disease is reversible to a 
large extent (28). This suggests that the high re¬ 
sistances in these cases might well have been due 
in part to vasoconstriction. In addition, Hickam 
(29) and Dexter and associates (8) have given 
evidence that the pulmonary hypertension of left 
ventricular failure may be partially due to an in¬ 
creased peripheral resistance within the circuit. 
The different response to epinephrine in normals 
and in two patients with mild pulmonary hyper- 
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tension suggests the possibility that the action of 
epinephrine upon the small arborizations of the 
pulmonary artery is dependent upon their state of 
contraction at the time the drug is given. 

Finally, what is the mechanism by which epi¬ 
nephrine acts upon the small end branches of the 
pulmonai'y artery? We have failed to produce 
convincing evidence that it acts directly upon the 
blood vessels of the lung while on its first circula¬ 
tion in fairly high concentration. Our intravenous 
experiments are admittedly crude, however, and 
dosage small. The evidence for reflex vasomotor 
control of the human pulmonary circulation is “b/ 
and large” non-convincing (9), and we can add 
nothing to this argument. With the methods now 
available, such evidence should be forthcoming. 

SUMMARY 

1. Epinephrine, uncontaminated by nor-epineph- 
rine, in intramuscular doses of from 0.5 to 0.7 cc. 
of a 1:1000 solution causes the following events 
to occur in the pulmonary circulation; 

a. A decrease in the intrapulmonary circulation 
time. 

b. A decrease in pulmonary blood volume index 
under certain circumstances when its action is 
suggestively that of a peripheral vasodilator and 
central effect is minimal. 

c. A rise in the systolic and mean pulmonary ar¬ 
tery pressures. The diastolic pressures are usually 
increased very little. Pulmonary “capillary” pres¬ 
sures are usually slightly elevated also, but the de¬ 
gree and duration is not sufficient to account for 
the rise in pulmonary artery pressure. The mod¬ 
erate increases in cardiac output are also insufficient 
to account for the rise. 

2. In three cases, it was evident that an increase 
in pulmonary vascular resistance was the primary 

^ cause for this epinephrine-induced pulmonary hy¬ 
pertension. 

3. In two patients with severe chronic lung dis¬ 
ease, a greater increase in diastolic pressure oc¬ 
curred, and pulmonary vascular resistance was 
found to fall after epinephrine. 

4. By the method used, it could not be demon¬ 

strated that the effects were du^to a direct action 
of the drug on the pulmonarv^ vascular tree, and 
the mechanism of this phenomenon remains ob¬ 
scure. i 


5. The work of the right ventricle against pres¬ 
sure increases proportionately much more than that 
of the left ventricle, 
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The development of electrophoresis has per¬ 
mitted the study of body-fluid protein changes in 
health and disease. Most reports on electropho¬ 
retic analysis in hepatic diseases are based upon 
findings in serum rather than plasma. The chief 
reasons for the preference of serum over plasma 
are: (a) it avoids the use of anticoagulants such 
as heparin which may affect the electrophoretic 
pattern (1), (b) it permits comparison of electro¬ 
phoretic data with the usual flocculation tests per¬ 
formed on serum, (c) it avoids the difificulty of 
differentiating protein complexes having a mobility 
similar to that of fibrinogen and forming with it 
a single peak which is incapable of resolution into 
its constituent components (2). 

In a recent study of electrophoretic plasma pro¬ 
tein partition of patients with hepatic diseases, es¬ 
pecially those with cirrhosis, unexpected fibrinogen 
and gamma globulin values were noted. The 
“fibrinogen” peaks were markedly elevated and 
the gamma globulin elevations were not as high as 
expected from previous serum electrophoresis and 
chemical partition. To clear up these discrepancies, 
electrophoretic tracings on a series of simultane¬ 
ously collected serum and plasma specimens of 
normal persons and patients with various hepato¬ 
biliary and other diseases were compared with 
each other as well as with chemical partition of 

1A preliminary report of this investigation was included 
in the Proceedings of the Twenty-Second Annual Meeting 
of the Central Society for Clinical Research (Proc. Cent. 
Soc. Clin. Res., 1949, 22, 28). 

- This investigation was supported in part by grants from 
the Commission on Liver Disease, Army Epidemiological 
Board, Office of the Surgeon General, U. Army, 
Washington, D. C., and from the Dr. Jerome D. Solomon 
Memorial Research Foundation, Chicago, Illijiois. 

3 Solomon Fellow. 


blood proteins. This study was planned to give 
general information on possible differences in the 
electrophoretic pattern of serum and plasma of 
normal persons as well as patients with hepatic 
and other diseases. 

MATERIALS AND METHODS 

Clinical Material 

The subjects for the study came from three groups: 
(2) a group with liver disease made up of 23 cirrhotics 
(22 of the Laennec type and one post-necrotic), six cases 
of infectious and six of to.xic hepatitis (two arsenic, one 
post-pneumonic and three of unknown etiology whose 
clinical and biopsy pictures resembled to.xic hepatitis of 
known to.xic etiology) and three cases of e.xtrahepatic 
obstruction (two pancreatic neoplasms and one case of 
common duct lithiasis) ; (2) a miscellaneous group of 15 
cases of rheumatoid arthritis, two of gastric ulcer and 
one of multiple myeloma; and (J) a normal group com¬ 
posed of 10 doctors and technicians working in the 
laboratory. 

Hepatic tests were performed upon all subjects. In 
addition all but five of the patients with hepatic disease 
had needle or surgical biopsies performed for confirma¬ 
tion of the diagnoses. All diagnoses were made by clini¬ 
cal, laboratory or surgical means. 

Method 

Approximately 50 ml. of blood were drawn from every 
subject in the fasting state. Ten ml. were placed in a 
dry clean test tube and allowed to clot, after which the 
serum was separated by centrifugation. Another 10 ml. 
were placed in a test tube containing 30 mg. of potassium 
oxalate as the anticoagulant and centrifuged for separa¬ 
tion of plasma. The remainder was utilized for chemical 
determination of the total serum proteins, fibrinogen (in 
27 cases), or protein partition, and other hepatic func¬ 
tion tests. 

Electrophoretic analysis of the pairs of serum and 
plasma was performed in a Tiselius apparatus at pH 8.6 
iodium diethyl barbiturate and ionic strength o 
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with barbiturate buffer according to tlie Longs worth 
procedure (3). All runs were made at 1.5“ C. for 120 
minutes. Schlieren diagrams, photographically enlarged, 
were traced with a planimetcr according to tlie metltod of 
Pedersen and Svedberg (4), to obtain the percentage 
of tlie total area assigned to each protein fraction. Mo¬ 
bility measurements were made from the boundary 
anomaly of the pattern. Only descending patterns were 
used. The relative concentrations, calculated from the 
proportions of the component peaks of the patterns, were 
converted to absolute concentrations e-xpressed in grams/ 
100 ml. of the total serum protein which had been de¬ 
termined chemically. Total serum proteins were de¬ 
termined by the Weichselbaum modification of the biuret 
reaction (5). The nitrogen to protein conversion factor 
used was 6.25, In 27 instances fibrinogen was determined 
chemically by standard laboratory methods of calcium 
salt precipitation and nitrogen determination (6). 

Total plasma proteins were not determined chemically. 
The normal values for serum are practically identical with 
those of plasma despite a fibrinogen content of 200-400 
mg./lOO ml. in the latter (7, 8). The addition of an anti¬ 
coagulant increases the plasma salt concentration and 
causes diffusion of water out of the erythrocytes. The 
presence of fibrinogen in plasma is thus nullified by the 
increased dilution of the plasma (9). When comparing 
absolute plasma and serum findings it is desirable to re¬ 
duce this source of error. A formula was utilized to cal¬ 
culate the total plasma proteins from the absolute se¬ 


rum protein values and the relative percentages of the 
serum and plasma electrophoretic components. The for¬ 
mula and its derivation are as follows; 


N = total plasma protein in grams/100 ml, 

S = total serum protein in grams/100 ml. 

X = plasma fibrinogen content in grams/100 ml. 
S = N -X 

y' — grams of y' component found in serum 

_ % y' component in serum (electrophoretic) 

^ ~ 100 


y' = gS 

f _ % (electrophoretic) 
100 


fraction of y' found in serum 
• = fraction of tp found in 


plasma. 

X = fN - y 
S = N - (fN - y'). 

n = 5-=^ 

1 - f 


RESULTS 

The detailed analyses of our electrophoretic 
findings in the various liver diseases and their cor¬ 
relation with the clinical, chemical and biopsy 
findings are being reported elsewhere. This report 
is concerned primarily with the difference between 
serum and plasma in different liver diseases. 
These are apparent in Figure 1 which depicts the 
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Fig. 1, Electsophobetic Patterns on Plasma and Serum of a CmsHOnc and Normal 

Individual 
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typical serum and plasma electrophoretic patterns 
in normal and cirrhotic subjects. The usual find¬ 
ings of decreased albumin and increased gamma 
globulin (10-15) are seen in the cirrhotic pattern 
and the only differences between the serum and 
plasma patterns are in the gamma globulin and 
fibrinogen fractions. The normal patterns show 
similar serum-plasma differences except they are 
smaller. These serum-plasma differences in the 
globulin and fibrinogen components will be de¬ 
scribed and discussed later. The descending pat¬ 
terns are used. In addition to the presence of the 
usual peaks denoting the albumin, alphai, alpha,, 


beta, gamma, fibrinogen, and epsilon boundary 
anomaly, the gamma globulin component is com¬ 
posed of a fraction labelled gamma,, and a gamma^ 
fraction of greater mobility. The gamma^ portion 
of the plasma gamma globulin is buried in the 
“fibrinogen” peak so that the plasma gamma globu¬ 
lin peak corresponds to the gamma, component of 
the serum. We have adopted the nomenclature of 
Deutsch (2) in describing the globulin components. 

The mean percentage distributions, absolute 
concentrations and mobilities of the protein com¬ 
ponents as determined electrophoretically in serum 
and plasma are summarized in Tables I and II. 


TABLE I 


Electrophoretic analyses of serum and plasma in normal individuals and in patients with liver and miscellaneous diseases 


DtAGNOSIS 
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TABLE II 

Comparison of electrophoretic mobilities of protein components in serum and plasma 


Diagnosis 

No. of 
cases 

Serum 

plasma 

Av. 

alb. 

Mobilities (cm*/volt sec. X10"‘) 

ai 

as 

P 


71 

7* 

Tp (uncorr.) 
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23 
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PLASMA ALBUMIN IN gm/IOOml 



0 0.5 to 1.5 ZO Z5 


PLASMA BETA GLOBULIN IN gm/IOOml 



PUSMA ALPHA GLOBULINS IN gm//00ml 



Figs. 2a, b, c, d. Relation of Electrophoretic Serum and Plasma Albumins, Alpha Globulins, Beta Glob¬ 
ulins AND Albumin-Globulin Ratios 


The decrease in the albumin component when com¬ 
pared to the values in the normal group was most 
marked in the cirrhotics, less in the other liver dis¬ 
eases, and least in the miscellaneous group. The 
cases of rheumatoid arthritis which formed most 
of the miscellaneous group are responsible for the 
albumin and globulin changes in this group and 
are similar to those found in liver disease though 
smaller. They are in agreement with those re¬ 
ported by others (16-18). All groups showed 
slightly higher serum than plasma values but these 
differences, both in percentage and absolute con¬ 
centrations, were not significant. The correlation 
between serum and plasma albumin is good (Fig¬ 


ure 2a) and the observed scatter is due largely to 
the inherent error in the electrophoretic procedure. 

There was a tendency to slight increase of the 
alpha globulins in all the pathologic cases and most 
marked in obstructive jaundice (Table I) where 
the frequent association of lipids with alpha (as 
well as beta globulin) may account for this ele¬ 
vation. Elevated values of lipid were present in the 
three cases of obstructive jaundice. The alpha 
globulins were the only protein components in 
which the plasma values were greater than were the 
serum values, both relatively and absolutely. This 
was found to be true in all groups except the nor¬ 
mal and cirrhotic groups. However, these differ- 
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ences between alpha globulins in serum and plasma 
were not significant. Figure 2b reveals that the 
spread on either side of the theoretical line of per¬ 
fect correlation is greater than that of any of the 
other components. This was particularly true of 
the alpha, fraction. 

Beta globulins (Table I) were increased in liver 
diseases as others have found (13-15). The rela¬ 
tive percentage values in serum and plasma vary 
significantly but after they are converted to ab¬ 
solute values the variation loses its significance and 
does not exceed the limits of error of the method. 
Figure 2c reveals a good correlation between abso¬ 
lute values of beta globulin in serum and plasma. 

The characteristically elevated gamma globulin in 
liver disease and rheumatoid arthritis is well il¬ 
lustrated in Tables I and III, This increase was 
most marked in cirrhosis, less so in hepatitis and 
least in obstructive jaundice and miscellaneous 
group. These findings are in agreement with those 
of previous authors (10-19). The normal serum 
gamma globulin values (average 14.1%) in this 
study are slightly higher than those reported by 
others (9, 20) because of our inclusion of the 
gamma^ fractions of the total gamma values. This 
gamma^ component normally forms approximately 
2-3% of the total protein (2) and is often not in¬ 
cluded in the electrophoretically determined gamma 
globulin. The serum gamma globulins of all groups 
of cases studied including the normals were much 
higher than the plasma values (Tables I and III). 


Figure 1 reveals the cause of this significant dis¬ 
crepancy between serum and plasma gamma glob¬ 
ulin values. The serum gamma globulin is com¬ 
posed of two fractions of different mobilities, a 
fraction labelled gamma, and a fraction with a 
greater mobility labelled gammai. This latter frac¬ 
tion has a mobility similar to fibrinogen and is there¬ 
fore buried in the “fibrinogen” peak in the plasma 
pattern (Figure 1). Thus the apparent plasma 
gamma is the equivalent of the gamma, serum frac¬ 
tion (Tables I, III, Figures 1, 3). If the serum 
gamma^ is determined in grams/100 ml. and this 
absolute value is then added to the absolute plasma 
gamma globulin value, the resultant corrected 
plasma gamma globulin value approaches the serum 
value. The difference between the serum gamma 
globulin and the corrected plasma gamma globulin 
then falls within the inherent error of the electro¬ 
phoretic method (Tables I, III, Figures 3, 4). In 
cirrhosis this gammai fraction is increased almost 
threefold from an average value of 2.5% in the 
normal group to 7,1%. There is a moderate in¬ 
crease in gammaj in the three obstructive jaundice 
cases. Only a slight increase in this component 
was present in the hepatitis cases and normal values 
were obtained in the miscellaneous group despite 
somewhat increased total gamma globulins in this 
latter group. After correction, the plasma total 
gamma globulin values were still lower than the 
serum values although the differences were much 
less than before correction. Prior to correction of 


TABLE m 

Comparison of electrophoretic serum and plasma gamma globulins 
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Fig. 3. Relation of Electrophoretic Serum, Plasma and Chemical 
Gamma Globulins 



the plasma gamma globulin, particularly in the 
pathologic cases, the chemical gamma globulin 
values more closely resembled the serum electro¬ 
phoretic results. After correction there was es¬ 
sentially no difference between the relation of the 
serum and plasma electrophoretic gamma globu¬ 
lin results and the chemical gamma globulin. 

An analysis of fibrinogen data (Tables I, IV) 
reveals greatly elevated values in cirrhosis (average 
13.9%, with a range between 6.07% and 28%). 
The obstructive jaundice cases also had elevated 
fibrinogen values and the other groups revealed 
smaller increases in this component. Figure 1 in¬ 
dicates the reason for these abnormal elevations in 
fibrinogen, particularly in cirrhosis where the 
plasma pattern contains a markedly elevated 
“fibrinogen” peak. In both the cirrhotic and nor¬ 
mal electrophoretic patterns there is incomplete 
disappearance of the “fibrinogen” peaks in the cor¬ 


responding serum patterns. In the normal pat¬ 
tern, a small plateau-shaped component is still 
present between the gamma and beta globulin com¬ 
plexes. In the cirrhotic pattern this remaining 
component is of much greater magnitude and ac¬ 
counts for almost 50% of the area underneath the 
plasma “fibrinogen” peak. This component, lying 
between the gamma and beta peak, is the gamma^ 
globulin fraction of the serum and has electro¬ 
phoretic mobility similar to fibrinogen. Inclusion 
of this gamma^ fraction in the “fibrinogen peak” 
thus accounts for most of the marked fibrinogen 
elevations in the cirrhotics as well as the lesser 
elevations of this component in the other patho¬ 
logic plasma specimens. The electrophoretic fibrin¬ 
ogen values can be corrected by subtracting from 
the originally elevated values, the absolute gammai 
value as determined in the corresponding serum 
samples. The corrected values are much lower 
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Fig. 4. Relation of Electrophoretic Serum and Plasma Gam.ma 


Globulins before and after Correction 


‘ table IV 

Electrophoretic fibrinogen before and after correction compared with 
chemically determined fibrbwgen 
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than the original ones. The corrected absolute 
values approach the chemical values; in the normal 
group the electrophoretic results are still somewhat 
higher than those secured by the chemical method 
(Tables I, IV, Figure 5). 


There is a good correlation between the albumin- 
globulin ratio as determined electrophoretically in 
the serum and plasma especially after the plasma 
total globulin has been corrected by the addition of 
gamma^ globulin (Table I, Figure 2d). 
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In. comparing the serum-plasma electrophoretic 
patterns, an unexpected finding was the fact that 
the greatest variations in the protein components 
were in the normals and this was true of all com¬ 
ponents. 

DISCUSSION 

Electrophoretic analysis has been employed 
widely in recent years to study blood protein 
changes in liver disease (lQ-15, 19, 21). Usually 
this has been performed upon serum for the rea¬ 
sons previously mentioned. Dole (9) reported 
significant differences between serum and plasma 
protein electrophoretic values in a normal person 
primarily in the gamma and beta globulin fractions. 
Only the relative concentrations expressed in per 
cent of total protein were compared. Comparison 
of serum and plasma electrophoretic results are 
more meaningful if absolute rather than percentage 
values are compared. The percentage values are 
not strictly comparable, being fractions of total pro¬ 
teins which are dissimilar because of fibrinogen 
content in plasma. Chemical determinations may 
reveal similar values for total serum and plasma 
proteins because of dehydration of erythrocytes 
with consequent dilution of the plasma because of 
the anticoagulant (7, 8). Were it not for this di¬ 


lution one would expect the fractions of total pro¬ 
teins to be about 4-5% greater in serum than in 
plasma with its fibrinogen (9). For a proper 
evaluation of any possible differences between 
serum and plasma electrophoretic values, the com¬ 
parison should be made between absolute values 
determined from total serum and plasma proteins 
corrected for anticoagulant dilution of the plasma. 
Heparin alters the electrophoretic pattern (1). 
Theoretically, potassium oxalate might possibly 
cause changes due to chemical denaturation of the 
protein. However, in previous studies (22) we 
found no appreciable changes using standard 
amounts of potassium oxalate as an anticoagulant. 

The albumin changes in liver disease and rheu¬ 
matoid arthritis (Table I) were similar to those 
reported by others (10-19). 

* Reports in the literature differ as to the fate of 
alpha globulins in liver disease, some workers re¬ 
porting irregular increases (13, 14) .while others 
found no change (15, 21). Gutman (23) believes 
that there is an association between increased alpha 
globulin and decreased gamma globulin values/ 
In this study the alpha globulins showed a slight 
increase in all the pathologic cases, the greatest 
increase being in obstructive jaundice/ The ele¬ 
vated lipids on our cases of obstructive jaundice 


CO 


s 
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(cases arranged according to electrophoretic fibrinogen levels) 


Fig. 5. Compamson of Electrophosetic Fibrii\ogek before akd after Correction 
WITH ChEIIICALLY DETERillNED FiBRINOGEN 
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may account for this increase in alpha globulin. 
Lipids frequently may be associated with alpha as 
well as beta globulins (23). Dole (9) lias sug¬ 
gested that the lower alpha values in serum as 
compared with plasma may be due to removal of 
this component in the clot. While the total serum 
alpha globulins in this study were less than that 
of plasma, it was not significantly so. Plowever, 
as Table I reveals, serum alphaj globulin was lower 
than the corresponding plasma values while the 
reverse was true for the alpha, fraction. The 
greater spread on either side of the theoretical line 
of perfect correlation in this component (Figure 
2b) also indicates a greater variation in this com¬ 
ponent than in any other protein fraction. The in¬ 
creased beta globulins in the liver diseases groups 
are in agreement with the findings of others (13- 
15, 24). There appears to be a significant varia¬ 
tion in the relative percentage values of serum and 
plasma beta globulins. However, if these per¬ 
centage values are converted to absolute values in 
grams/100 ml. that variation loses its significance 
and falls within the inherent limits of error of the 
method. The serum-plasma absolute values cor¬ 
relate well (Figure 2c). Dole (9), in comparing 
the serum and plasma of a normal individual, simi¬ 
larly found the beta serum value elevated and be¬ 
lieved this to be due to overlapping of the beta 
globulin and “fibrinogen” peaks. However, he did 
not compare absolute values. When this was done 
in our cases it tended to nullify the serum and 
plasma differences. 

The serum gamma globulin findings in the dis¬ 
ease groups are in agreement with those recorded 
by previous authors (10-19, 21, 24). The sig¬ 
nificant difference between the serum-plasma 
gammaglobulin values (Tables I and III), particu¬ 
larly in cirrhosis, is due to burial of the gamma^ 
fractions in the “fibrinogen” peak of the plasma 
pattern. The greater the gamma^ fraction the 
greater will be the serum-plasma difference in 
total gamma values. Electrophoresis, particularly 
in the pathologic cases, yields plasma gamma glob¬ 
ulin values 15-20^ lower than serum values. 
It is important, therefore, to determine whether 
gammai globulin is increased in other diseases, 
lest misleading gamma globulin values be secured 
in plasma determinations in these diseases. The 
true picture of gamma globulin changes is found 
in serum determinations. The nature of gammaq 


globulin and the possible significance of its eleva¬ 
tion in liver disease are discussed elsewhere (25). 

An analysis of the reported observations on the 
plasma fibrinogen content in liver disease reveals a 
diversity of opinion (8, 11, 15, 21), The liver is 
probably the prime site of fibrinogen formation 
(26), and diminution of this protein has been re¬ 
ported in acute hepatic insufficiency such as in the 
damage experimentally produced by chloroform 
and other toxins (27). Diminished fibrinogen may 
also be found in humans in the severe hepatic in¬ 
sufficiency of acute yellow atrophy (8). Elevated 
fibrinogen values have been reported in cirrhosis 
(11, 21). Whitman and his co-workers (11) 
consider the possibility that the elevated “fibrin¬ 
ogen” peak in cirrhosis is due to an increase in 
gamma globulin as well as to an actual fibrinogen 
increase. Our data show this to be correct. The 
markedly elevated “fibrinogen” peaks often found 
in the cirrhotic electrophoretic pattern occur be¬ 
cause the gammai component has a similar mo¬ 
bility to that of fibrinogen and is concealed in the 
“fibrinogen” peak. Similarly, Zeldis and Ailing 
(28) had noted spurious elevations in fibrinogen 
values in plasma from dogs and had attributed this 
to increments from adjacent components. Even 
after correction of the fibrinogen values by sub¬ 
tracting the amount contributed by the gamma^ 
complex to the “fibrinogen” peak, the electro¬ 
phoretic values for that component were still ele¬ 
vated above those determined chemically in the 
cirrhotic patients (Tables I, IV, Figure 5). 
Fibrinogen is the plasma protein which forms fibrin 
under the action of thrombin. Fibrinogen analy¬ 
sis by chemical means may give erroneously low 
values because of incomplete precipitation of fibrin 
or false high values due to occlusion of other 
plasma components to the clot (29a). The ef¬ 
fect of variation of fibrinogen and thrombin con¬ 
centrations and pH and of the presence of other 
proteins must be taken into consideration in the 
chemical determination of fibrinogen. The oc¬ 
clusion of other protein components, particularly 
lipoproteins and certain enzymes such as thrombin, 
is sufficient to introduce error into fibrinogen 
chemical analysis (29b). Fibrinogen is also more 
sensitive to thermal and chemical changes than are 
proteins (30). The question then arises as to 
whether the more reproducible method of electro- 
phosesis, particularly after subtraction of gamma^ 



ELECTROPHORETIC STUDIES IN LIVER DISEASE. I 


727 


globulin, is not a more accurate method of fibrin¬ 
ogen analysis than is the chemical method. 
Against such a supposition is the possibility of 
other protein moieties besides gammas globulin 
having a similar mobility as fibrinogen. It is also 
questionable labeling an electrophoretic “fibrin¬ 
ogen” peak as fibrinogen in the sense of protein 
clottable with thrombin. Nevertheless, we believe 
that the difference between the electrophoretic and 
chemically determined fibrinogen indicates an ac¬ 
tual increase of this component in cirrhotic liver 
disease. 

The plasma electrophoretic pattern as such ap¬ 
pears on inspection to be more characteristic of 
chronic liver disease than the serum electrophoretic 
pattern. In addition to the characteristically de¬ 
pressed albumin and elevated gamma globulin 
peaks seen in the cirrhotic serum pattern, there is 
also the markedly elevated “fibrinogen” peak pres¬ 
ent in the plasma electrophoretic pattern. We 
have not seen this triad of findings to such a marked 
degree in the electrophoretic pattern of any other 
pathologic condition. However, serum rather than 
plasma is preferable where it is desired to study 
the electrophoretic quantitative partition of the 
protein complexes in chronic liver disease. The 
elevation of gamma^ globulin and its inclusion in 
the "fibrinogen” peak in the plasma pattern give 
a false impression of extreme fibrinogen elevation 
and at the same time cause the gamma globulin 
elevations to be lower than those found in serum. 
A more correct picture of the fibrinogen alterations 
in chronic liver disease requires simultaneous 
electrophoretic analyses on serum and plasma and 
correction for the increased gamma^ globulin fre¬ 
quently associated with that pathologic state. 

It is fully realized that the electrophoretic pat¬ 
tern, particularly in cirrhosis, may vary depending 
upon the stage and course of the disease. Our 
cases of cirrhosis varied from those in the inactive 
stage to those with marked liver damage. We 
were primarily interested not in the type of pat¬ 
tern in the different liver diseases nor in the 
changes taking place during the course of the dis¬ 
ease, but in the comparison of the patterns in the 
serum and plasma determinations. Stage and 
course of disease had no effect upon these serum- 
plasma differences. In fact, the only significant 
differences were those in the gamma globulin and 
these did not depend upon the stage of disease but 


the type of disease. The gammaj globulin rela¬ 
tion to hepatic damage as measured by the cephalin 
flocculation, thymol turbidity and zinc sulphate 
turbidity tests is shown in Figure 4 of the following 
article (25). 

SUMMARY 

1. Paired serum and plasma samples of 66 per¬ 
sons with various hepatic or miscellaneous diseases 
and normal subjects were analyzed electropho- 
retically. The liver disease group included cases 
of cirrhosis, infectious and toxic hepatitis, and ob¬ 
structive jaundice. The miscellaneous disease 
group was comprised of patients with rheumatoid 
arthritis, peptic ulcer, and multiple myeloma. 

2. Serum protein changes in the various disease 
groups were similar to those previously reported 
by other authors. 

3. Fibrinogen values were markedly elevated 
particularly in the cirrhotic group. This was due 
to the inclusion of a gammaj globulin fraction in 
the “fibrinogen” peak. This was also responsible 
for the serum gamma globulin being significantly 
greater than the plasma gamma globulin. The ad¬ 
dition of gamma^, as determined in the serum, to 
the total plasma gamma globulin yielded total 
gamma globulin values essentially similar to those 
of the serum. At the same time subtraction of 
gamma^ from the elevated fibrinogen values, as 
revealed by the plasma patterns, reduced these 
values approximately by 35-45%. After this cor¬ 
rection, there was still a significant difference be¬ 
tween electrophoretic and chemically determined 
fibrinogen, indicating an actual increase of this 
component in cirrhotic liver disease. The gammai 
burial in the “fibrinogen” peak was also responsible 
for the depressed values of total globulin and al¬ 
bumin/globulin ratio in plasma determinations. 
These likewise could be corrected for by addition of 
gammaj to the plasma globulin. 

4. Aside from the significant serum-plasma dif¬ 
ference in gamma globulin, the other protein com¬ 
ponents were essentially similar in serum and 
plasma, particularly when expressed as grams/100 
ml. The beta globulin content in relative per¬ 
centage was somewhat more elevated in serum 
than plasma. After conversion to absolute values 
however, this difference was not significant. 

5. The routine use of plasma electrophoresis 
for the study of protein alterations in hepatic dis- 
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eases is not recommended. It is impossible to re¬ 
solve and separate completely the components of 
the “fibrinogen” peak. Inaccurate gamma globu¬ 
lin and fibrinogen values result. 
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The electrophoretic method of analysis has 
proved to be a most valuable aid in the study of pro¬ 
tein alteration in hepatic diseases. Characteristic 
changes consisting of reduced albumin and in¬ 
creased gamma globulin components have been re¬ 
ported by many observers (1-3). The depressed 
albumin levels frequently observed in cirrhosis 
have been attributed to several factors, such as de¬ 
fective synthesis by the liver, inadequate dietary 
protein and the loss of albumin in ascitic fluid. 
There has been much speculation concerning the 
nature and cause of the globulin elevation as well 
as the fibrinogen changes in hepatic cirrhosis. At 
present the problem is still unsolved. Several ob¬ 
servers have reported elevated electrophoretic 
fibrinogen values in cirrhosis (3, 4). One author 
(5) attributed some of this elevation to the migra¬ 
tion of a garamaj globulin fraction in the mobility 
range of the “fibrinogen” peak. Deutsch and his 
co-workers (6) have described such a gammaj 
globulin component with a mobility similar to 
fibrinogen in normal serum. It constituted 2-3% 
of the total proteins. There are reports (7-9), 
of single cases of cirrhosis with a component 
in the electrophoretic pattern between the gamma 
and beta peaks which has been called the “X” com¬ 
ponent. 

In a recent study (10) of paired serum and 
plasma from 66 persons having hepatic or miscel¬ 
laneous diseases, and normal subjects, frequently 

A preliminary report of this investigation was included 
in the Proceedings of the Twenty-Second Annual Meeting 
li the Central Society for Clinical Research (Proc. Cent 
joc. Clin. Res., 1949, 22, 28). 

^This investigation was supported in part by grants 
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ogical Board, OfSce of the Surgeon General, U. S. Army, 
iVashington, D, C. and from the Dr. Jerome D. Solomon 
^lemorial Research Foundation, Chicago, Illinois. 

3 Solomon Fellow. 


great elevations of the “fibrinogen” peak were pres¬ 
ent in the plasma electrophoretic pattern. The se¬ 
rum patterns from the same persons did not show 
complete elimination of the “fibrinogen” peak but 
there was a component with a mobility between 
that of gamma and beta globulin. This component 
was included in the “fibrinogen” peak and ac¬ 
counted for a large portion of the elevation. It was 
present in normal sera, very high in cirrhotic sera, 
and there were smaller elevations in obstructive 
jaundice and acute hepatitis. The miscellaneous 
group had no increase of this globulin fraction. 
This component seems to be identical with the 
gammaj globulin component described by Deutsch 
in normals and the “X” component described in 
cirrhosis by others (7-9). It apparently is analo¬ 
gous to a new protein fraction found by many 
workers (11-15) in the serum of hyperimmunized 
animals and it, too, migrates between the gamma and 
beta globulin electrophoretic peaks. The present 
report deals with electrophoretic studies of the 
gammai globulin alterations and their possible 
significance. 

MATERIAL AND METHODS 

The subjects and methods were the same as those de¬ 
scribed in Part I of these studies, the preceding article 
(10), except for additional gamma^ globulin determina¬ 
tions in serum alone in eight more cases of cirrhosis, four 
of infectious hepatitis, one of toxic hepatitis, five of ob¬ 
structive jaundice, two of hemolytic jaundice, 73 of diabetes 
mellitus, 23 of poliomyelitis, 16 of rheumatoid arthritis and 
21 of hypertrophic arthritis. Chemical globulin determina¬ 
tions were performed according to the method of Wolfson 
and Cohn (16). The method of Chaney (17) was used 
for the cholesterol determinations. In addition total 
lipids (18), zinc sulphate turbidity (18), cephalin floccula¬ 
tion (19) and thymol turbidity (20) w'ere determined. 

RESULTS 

The relation of gammaj globub'n to the total 
gamma globulin in the serum and to the “fibrino- 
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TABLE I 

Comparison of electrophordic protein partition in a case of cirrhosis using different electropkoresed material 


Per cent of total proteins 


liiectropnoresea 

material 

Alb. 

! 

as 


B 

[ 1 

1 0 (corr.) j 

Tl 

i 

73 

Tot. 7 . 

Tot. 7,. 1 

Tot. 7P 
(corr.) 

Serum 

45.6 

2,5 

2.8 

22.0 

_ _ 

—. 1 

4,0 

23.1 

27.1 

, j 


Serum and thrombin 

45.4 

4.3 

3.3 

20.2 

— 

— 

4.3 

22.5 

26.8 

j 

--- 

Serum and oxalate 

44.4 

4.7 

5.2 

17.7 

— 

— 

4.4 

23.6 i 

28.0 


-- 

Plasma 

42.5 

1 

4.0 

3.0 

.7,4 

10.0 

6.0 

— 

- j 

— 

23.1 

27.1 


gen” peak in the plasma patterns is illustrated in 
Figures 1, 3, 4, and Tables I and III of the preced¬ 
ing article (10). The average normal value of 
the gamma^ globulin in the group with paired se¬ 
rum and plasma samples was 2.5fool the total pro¬ 
tein with a range between 1.7 and 3.4%. The 
cirrhotic patients had the most marked increase 
in this component, having an average gamma^ 
globulin value of 7.1% with a range between 2.1 
and 11.5% (Tables I and III of the preceding ar¬ 
ticle [10]), In the group of cirrhotic cases in 
which only serum determinations were performed, 
the average gammas was slightly higher (7.6%) 
with one case showing 19% gammas globulin (Fig¬ 
ure 1). The cases of obstructive jaundice and 
acute hepatitis revealed less gamma^ elevation. In 
interpreting the results in these groups, particu- 
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Fig. 1. Electrophoretic Values of Serum Gamma 
Globulin in the Normal and in Various Diseases 


larly in the obstructive jaundice group, the limited 
number of cases must be considered. The average 
gamma^ globulin values for the miscellaneous dis¬ 
ease group was within normal limits. The total 
serum gamma globulin increases present in the 
cases of liver disease and rheumatoid arthritis are 
in agreement with previously reported observations 
(21-26). No relation existed between the gamma^ 
globulin and the total serum proteins (Figure 2a). 
This is to be expected since the total serum proteins 
in the pathologic cases and the normal individuals 
are similar, whereas the gammaj fractions in these 
two groups are dissimilar. A relatively greater in¬ 
crease in the gamma^ fraction was found in cir¬ 
rhosis than in other liver diseases (Figure 2b). 
This increase is proportionately greater than the 
increase in total gamma globulin. The average 
gammaj globulin values for the miscellaneous 
group were normal despite the increase in total 
gamma globulin. Only two cases of rheumatoid 
arthritis in this group exhibited values beyond the 
normal range. The single case of multiple mye¬ 
loma, despite the highest total gamma globulin 
percentage (60%), had a gamma^ value of 4%, 
only slightly above the normal limit. The non-liver 
disease cases have average values of gamma^ 
globulin within the normal range although in each 
group there were cases with elevated values (Fig¬ 
ure 1). The gamma^ increase is not merely a re¬ 
flection of elevated total gamma globulin but ap¬ 
parently bears some relation to chronic liver disease 
although not necessarily confined to that patho¬ 
logic state. 

To determine whether the gamma^ globulin 
component was related to beta rather than gamma 
globulin, this component was compared with the 
electrophoretic beta globulin and the chemically- 
determined cholesterol and the total lipids which 
are said to be intimately related to the beta globu- 
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FIG. 2a FIG. 2b 



Fig. 2b. Relation of GAirMAi Globulin to Total Sebum Gamma Globulins 


lins (27, 28). There is no relation between the 
gammaj component and the beta globulins, total 
cholesterol or total lipids (Figure 3). This is in 
keeping with Deutsch’s contention that gammaj 
globulin is actually a gamma rather than a beta 
globulin. The similarity of all three scattergraphs, 
.although showing no relation between gamma^ 
globulin and beta globulin, cholesterol and tota* 
lipids, suggests that all but gamma, "—pio- 
ip-errogther. "■ ^ residual 

globulin ^do<“= beta globu¬ 

lin? What reldtiou nas it to other protein com¬ 
plexes situated between the gamma and beta com¬ 
ponents in the electrophoretic pattern in other 
diseases? When does it appear in human serum 
and what is its relation to similar electrophoretic 
components found in the serum of animals? 


retie pattern was probably not residual fibrinogen 
nor could the serum-plasma electrophoreti- 
ference be attributed to the anticoag 
denaturation of protein fractions Itic gammai 
relation of the gammai componentu materials in 
ogen in the plasma pattern rates that this corn- 
plasma ima globulin difirinogen nor was the 
iTi-coagulant lesptS of ti for the serum-plasma 
electrophoretic differences. It is a protein com¬ 
ponent of normal human serum, designated gammaj 
by Deutsch who separated it from the bulk of the 
gamma fraction by means of ethanol fractionation 
(6). He found it to be present in normal human 
serum to the extent of 2—3% of the total serum 
proteins and that it was free of lipids and choles¬ 
terol. Our results are in agreement Gammaj 
globulin is apparently the same protein fraction de- 
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gamma globulin values of plasma being less than 
those of serum. The comparison of the gammai 
globulin values in normal subjects, cirrhotics and 
other disease states is illustrated in Figure 1. Ele¬ 
vations of gamma^ globulin in other diseases, al¬ 
though present, are infrequent and are usually of 
mild degree only. In contrast the great majority 
of cirrhotics have gamma^ globulin elevations and 
these are much higher than those found in other 
diseases. 

DISCUSSION 

' The characteristic alterations in the serum pro¬ 
teins in chronic liver disease, namely, hypoalbumi- 
nemia and hyperglobulinemia chiefly of the gamma 
fraction, have been reported by numerous obser¬ 
vers (5, 21-23). Although failure of albumin 
synthesis by the liver is generally regarded as the 
cause of the marked hypoalbuminemia, other fac¬ 
tors undoubtedly play a role. Inadequate protein 


intake, absorption or utilization and loss in ascitic 
fluid and urine may increase the albumin depletion 
in cirrhosis. 

The cause of gamma globulin increase in chronic 
liver disease is obscure and has been the basis of 
much conjecture. The explanation frequently ad¬ 
vanced that the hyperglobulinemia is compensatory 
for the lowered serum albumin seems improbable. 
This would not explain why the elevation is usually 
in the gamma fraction and why it frequently is 
sustained after the serum albumin has returned to 
normal. Albumin has a much higher osmotic ac¬ 
tivity than globulin and a rise m the latter prob¬ 
ably would be of little significance in elevating a 
depressed colloid osmotic pressure resulting from 
hypoalbuminemia (5). 

The perplexing problem of hyperglobulinemia 
in many diseases including cirrhosis is now further 
complicated by a necessity to explain the gamma^ 
globulin fraction elevations characteristic of cir- 
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To determine whether the gamma^ globulin 
component was related to beta rather than gamma 
globulin, this component was compared with the 
electrophoretic beta globulin and the chemically- 
determined cholesterol and the total lipids which ' 
are said to be intimately related to the beta globu-/ 
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rhosis. Before hypothesizing as to its origin, sev¬ 
eral questions concerning its nature must be an¬ 
swered. Is this component, found in the serum, 
merely residual fibrinogen which has not been 
completely removed in the clotting process? Is 
gamma^ globulin denatured serum protein pro¬ 
ceed hv the anticoagulant ? If it is not a residual 
V^^P^otejn, is it a ga mma or beta globu¬ 
lin ? nas it to other protein com¬ 

plexes situated between the gamma and beta com¬ 
ponents in the electrophoretic pattern in other 
diseases? When does it appear in human serum 
and what is its relation to similar electrophoretic 
components found in the serum of animals? 


The similarity of the electrophoretic gammas 
values of the different electrophoresed materials in 
the same patient (Table I) indicates that this com¬ 
ponent was not residual fibrinogen nor was the 
anticoagulant responsible for the serum-plasma 
electrophoretic differences. It is a protein com¬ 
ponent of normal human serum, designated gamma^ 
by Deutsch who separated it from the bulk of the 
gamma fraction by means of ethanol fractionation 
(6). He found it to be present in normal human 
serum to the extent of 2-3 fo of the total serum 
proteins and that it was free of lipids and choles¬ 
terol. Our results are in agreement. Gammai 
globulin is apparently the same protein fraction de- 
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scribed in cirrhosis as the “X” component by some 
observers (7-9). 

Gutman and his co-workers (29) and others (8, 
30) have found in multiple myeloma an abnormal 
serum protein component with electrophoretic mo¬ 
bility between that of gamma and beta globulins. 
This abnormal component does not appear to be 
the gammai globulin in the electrophoretic pat¬ 
tern of the cirrhotic. The former appears as a 
very tall narrow peak whereas the gammaj globu¬ 
lin component is not as narrow and tall and is in 
the form of a plateau rather than a distinct peak. 

Purified Wassermann antibody also migrates 
with a mobility intermediate between beta and 
gamma globulins (31). Plowever, the sera of 
syphilitic patients show no electrophoretic changes 
referable to this specific antibody. There is also 
no correlation between the titer of the quantitative 
Kahn reaction and increase in gamma globulin 
(32, 33). The concentrations of antibody are 
too low for detection by electrophoresis. 

Our data reveal gammai elevations infrequently 
in pathologic states other than liver disease. 
Moreover when they occur they are usually of 
slight degree only. In contrast the great majority 
of cirrhotics in our series had garamai elevations 
and they were much higher than those found in 
sporadic cases of other types of disease showing 
elevations. Wallis (34) described a component 
with an electrophoretic mobility between that of 
gamma and beta globulins in three out of four 
cases of rheumatoid arthritis. He called this a 
“T” component and found that it comprised from 
4.9 to 8.9^0 of the total serum proteins in these 
cases of rheumatoid arthritis. This “T” com¬ 
ponent, similar to the “X” component described 
in cirrhosis (7-9), is identical with the gamma^ 
globulin in our cases. However, such elevations 
were present in only two of our 27 cases of rheu¬ 
matoid arthritis and their elevations were only of 
very meager degree. The elevation of the gamma^ 
component in human serum, although not pathog¬ 
nomonic, is highly characteristic of chronic liver 
disease. 

What causes the .gammas elevation in cirrhosis ? 
Has it any relation to the increase in total gamma 
globulin in this disease, the cause of which is con¬ 
jectural? The intimate relation of antibodies and 
gamma globulin has long been known/(11—15, 
35-37). The increase in globulin in m^ny infec¬ 


tions consists not only in an elevation of specific 
antibodies identified by immunochemical methods 
but also in an increase that has been called “non¬ 
specific antibody’’ or “reaction” globulin (38). 
Are these analogous to the gammaj, and gammas 
globulins? Animal experimentation has formed 
the basis for most of our knowledge of antibody 
formation. The antibodies of animals from vari¬ 
ous species immunized with different antigens are 
present in the globulin fraction having an electro¬ 
phoretic mobility either of gamma globulin or be¬ 
tween that of gamma and beta globulin. This latter 
component, not present normally in animals (6, 
11-15), has been designated betas by Kekwick and 
Record (15) and as “T” component by Van der 
Scheer and WyckofF (12, 14). It has different 
physical and chemical properties from the classical 
gamma globulin and apparently is identical with 
the globulin fraction in normal human serum desig¬ 
nated gamma^ by Deutsch and associates (6) who 
showed that in normal persons this fraction was as¬ 
sociated with a variety of antibodies. This gamma^ 
globulin which was similarly found present in our 
normal subjects was elevated in most of our cir¬ 
rhotic cases. Can the gamma^ elevation in chronic 
liver disease be attributed to antibody formation? 

The gamma^ elevations in our subjects were 
most marked in the chronic liver cases. Elevations 
in the obstructive jaundice group may have been 
due to the secondary parenchymal damage re¬ 
vealed by liver function studies in these cases. It 
is impossible to draw any conclusions from only 
three cases. The elevation of the gamma^ globu¬ 
lin component in chronic liver disease and the slight 
elevation in acute type's of hepatic damage might 
appear to suggest typical antibody response such as 
is seen in infections in which antibodies increase 
as the condition becomes chronic. However, pre¬ 
vious studies (39) have shown that scarring fol¬ 
lowing viral hepatitis may" occur with decreasing 
concentrations of electrophoretically separated 
gamma globulin. Viral hepatitis, the only hepatic 
condition in this study definitely knowii In be in¬ 
fectious, strangely^nough she-v/ed 
gammai fraction. On the other hand, the cases of 
cirrhosis of the Laennec’s type in which an infec¬ 
tious agent is not usually implicated showed the 
greatest elevation of gamma^ globulin. We com¬ 
pared the gamma^ globulin in cases of alcoholic cir¬ 
rhosis (in which malnutrition was a major factor) 
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with that found in 

Hanot and cholangioli '^ types presumed to be sec¬ 
ondary to some for/ ‘"f^'^tion such as viral 
hepatitis. There w/ essentially no difference in 
gamma, alterationthe “malnutrition” and “in¬ 
fectious” types Malnutrition experi¬ 

ments in human (4°, 41) and animals (42) have 
shown that mr^i^trition is not responsible for any 
rise in gamr^ globulin. We must therefore look 
to some /“‘er cause than infection or malnutrition 
£qj. elevation of the gamma globulin and par- 
j.;aiarly the gamma, portion which in hyperim- 
"munized animals (11-15) and normal humans 
(6) is rich in antibodies. 

^Certain features of the cirrhotic state itself lend 
support to a possible relation between gamma glob¬ 
ulin increase and antibody formation in cirrhosis. 
Cirrhosis is frequently featured by an increased 
mesenchymal reaction. Increase in lymphocytes 
and plasma cell elements (43) may be striking in 
the bone marrow (44). The degree of plasma cell 
and lymphocyte hyperplasia correlates roughly with 
the degree of hyperglobulinemia (44, 45). Berlin 
and his co-workers (46) could not confirm these 
findings. They state, however, that where hyper¬ 
globulinemia exists without plasmacytosis in the 
bone marrow, other sites of proliferation of plasma 
cells must be considered, especially the liver and 
spleen or specific sites of chronic infection. They 
state that it is possible that globulins may be formed 
at several different sites, namely, in plasma cells, 
lymphocytes and reticulo-endothelial cells. His¬ 
tiocytic proliferation in the liver likewise has been 
reported to be related to a reversal in the albumin- 
globulin ratio (47). Pulp hyperplasia, consisting 
largely of proliferation of active histiocytes in the 
lumen of the sinuses (48), is frequently a factor 
in the splenomegaly of cirrhosis/ Bj^rneboe and 
Gormsen (49) immunized rabbits with polyvalent 
vaccine which resulted in plasma cell proliferation 
in many organs, especially in the spleen and liver; 
the degree of this plasma cell proliferation closely 
corresponded to the antibody concentrations. They 
believed that the antibodies were formed by plasma 
cells and the increase in splenic weight after in¬ 
tensive immunization was due to the plasma cell 
proliferation in the spleen. The relation between 
hyperglobulinemia and plasma cell proliferation 
and the possible role of the histiocytes as globulin 
producers has been mentioned by other authors 


(50-53). -The hyperglobulinemia may well be re¬ 
lated to the histiocytosis and plasma cell activity 
frequently found in the liver, spleen and bone mar¬ 
row in cirrhosis. 

Since infections have not been proved as a causa¬ 
tive factor in most cases of Laennec’s cirrhosis, we 
must look for some other cause of the increased 
mesenchymal and globulin reactions in the cir¬ 
rhotic state. Marked increases in plasma gamma 
globulin occur frequently in heterogenous diseases 
having in common extensive tissue breakdown such 
as in chronic suppurative infections (5). Gut¬ 
man believes that the mechanism here may be 
homologous tissue antibody formation. It is con¬ 
ceivable that liver cell breakdown products of a 
protein nature act as an autogenous antigen caus¬ 
ing a mesenchymal proliferation in the liver, spleen 
and bone marrow with a consequent or concom¬ 
itant rise in gamma globulin. Necrosis of paren¬ 
chymal cells may lead to fibrous tissue prolifera¬ 
tions seen in cirrhosis (54). 

The reason for the more frequent and greater ele¬ 
vation of gamma, globulin in chronic liver disease 
as compared with other diseases may be the dam¬ 
aged liver’s inability to metabolize protein-break¬ 
down products. This allows them to circulate and 
possibly act as autogenous antigens. 

We have described the marked increase of 
gamma, globulin in cirrhosis and have hypothe¬ 
sized its nature and the reason for its presence in 
chronic liver disease. The gamma, globulin com¬ 
ponent is normally present in human blood and has 
been shown by Deutsch to have antibody activity 
(6). In addition, many workers have definitely 
demonstrated in animals an analogous protein 
component which is not present normally, but 
arises only after hyperimmunization with various 
bacterial antigens. Thus gamma, globulin in nor¬ 
mal man and in hyperimmunized animals has been 
shown to have antibody properties. There is a 
possibility that circulating protein breakdown 
products, not metabolized by the diseased liver, 
act as an autogenous antigen and are responsible 
for the increased histiocytic plasma cell activity 
and increased gamma, globulin content frequently 
foimd in the cirrhotic state. 

Realizing that this report has raised more ques¬ 
tions than it has solved, we nevertheless believe 
that the approach to the complex problem of gamma 
globulin alterations in liver disease is promising 
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and warrants further investigation using electro- 10 - 
phoretic and immunochemical methods. 
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The retention of water without a physiologically 
equivalent amount of sodium following abdominal 
paracentesis has been studied in two patients with 
advanced cirrhosis of the liver. In each there de¬ 
veloped manifestations considered characteristic 
of sodium deficit, although there was no change in 
the total body sodium at the time these appeared. 
Such retention of water in excess of salt, regularly 
observed when large external losses of salt and 
water are replaced with water alone (1-3), has 
been noted in certain cases of heart failure and 
chronic renal disease (d—6) as well as in decom¬ 
pensated hepatic cirrhosis (7, S). Whether the 
retention is primarily mediated through renal he¬ 
modynamic changes, altered tubular function, or 
increased antidiuretic activity- is not clear. Obser¬ 
vations concerning the development of this condi¬ 
tion in two patients with cirrhosis are recorded 
below. 

METHODS 

During the periods of study both patients were offered 
diets calculated to contain 100 grams each of protein 
and fat, 300 grams of carbohydrate, approximately 100 
mEq. of potassium and no more than 15 mEq. of sodium. 
Dietary rejections were measured. Free access to water 
was allowed except when otherwise noted. The patients 
were weighed daily and the volume of urine collected 
during each 24 hour period was measured. The volume 
of fluid taken orally was estimated from conventional 
household measures. Venous blood samples were ob¬ 
tained daily in the post-absorptive state, without stasis in 
the first patient. Stasis was usually unavoidable in the 
second patient so that determinations of hemoglobin, he¬ 
matocrit and serum protein were considered unreliable. 
The volume of packed red blood cells was measured in 
Wintrobe tubes (9) ; hemoglobin photometrically (10) ; 
serum total proteins by micro-Kjeldahl (11) and by 
gradient tube (12) ; chloride by Hald’s modification of 
the Patterson micro-method (13); creatinine by Peters' 
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modification of the Folin procedure (14); non-protein 
nitrogen by micro-Kjeldahl with Nesslerization (15); and 
sodium and potassium by means of the Barclay internal 
standard flame photometer. Except where otherwise 
noted, urine was collected over 24 hour periods and was 
analyzed for chloride by the Volhard-Harvey method 
(16), for total nitrogen by the micro-Kjeldahl procedure 
(11), and for creatinine, sodium, and potassium by the 
methods employed for serum. Change in total body water 
(liters) was taken to equal change in weight (kilograms). 

CASE REPORTS AND RESULTS 

Case 1. 

W. T. (CVAH No. 20063), a 58 year old white male, 
had been a chronic alcoholic for many years. One year 
before admission he developed ascites and jaundice at 
which time a low sodium diet was prescribed. He re¬ 
ceived frequent injections of mercurial diuretics but 
paracentesis was required for the relief of ascites, first 
monthly, later at two-week intervals. Following each 
paracentesis, disturbance of the sensorium of several days 
duration was regularly observed by the attending physi¬ 
cian, Two days prior to the first hospitalization, para¬ 
centesis was performed and a mercurial diuretic was 
given. The patient also received 0.2 gram of sodium 
pentobarbital. Within a few hours he became hyperac¬ 
tive, confused, and vomited several times. At about this 
time he complained of cramps in his legs. 

On admission (October 15, 1949) he appeared poorly 
nourished, acutely and chronically ill and was euphoric, 
confused, and slightly jaundiced. A few spider angio¬ 
mata were present. The abdomen revealed signs of 
moderate ascites with a firm non-tender liver edge at the 
costal margin. The spleen was palpable 6 cm. below the 
costal margin. Peripheral and sacral edema were absent. 
Tests of liver function were consistent with marked 
hepatocellular disease. There was a moderate normo¬ 
chromic anemia. The specific gravity of the urine was 
1.029. No abnormalities were noted on routine urinalysis. 
Renal excretion of phenolsulfonphthalein was 64 per cent 
in two hours. The blood non-protein nitrogen was 42 
mg. per 100 ml. The concentration of chloride in the 
serum was 92 mEq. per liter. Several grams of sodium 
chloride were given shortly after admission. The muscle 
cramps promptly disappeared and the mental confusion 
cleared rapidly. The serum chloride rose to 100 mEq. 
per liter and the NPN fell to 29 mg. per 100 ml. The pa¬ 
tient was discharged 11 days after admission much im¬ 
proved, but with persistent moderate ascites. 
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Abdominal paracentesis was again performed 16 days 
after discharge by the family physician and a week later, 
November 19tli, the patient was readmitted in a state of 
confusion with clinical and laboratory findings as before. 
Without specific treatment he became oriented within 
24 hours. Another paracentesis, performed in the hospital 
on December 3rd, was followed by confusion. He im¬ 
proved promptly when sodium chloride was given. 

Detailed studies were carried out from December 14th 
to December 31st (See Table I.) On December ISth, 
the serum sodium was 130 and chloride, 103.9 mEq. per 
liter. COa content was 18 mEq. per liter and showed no 
significant change throughout the study. The hematocrit 
was 30 per cent Following the removal of 8.6 liters of 
ascitic fluid the weight was 58.17 kilograms. The patient 
became thirsty and ingested considerable water. Forty- 
four hours later his weight had increased by 1.95 kilo¬ 
grams, the concentration of sodiiun in serum had fallen to 
125 and that of chloride to 98.7 mEq. per liter, with the 
hematocrit rising to 34 per cent. Apathy, weakness, con¬ 
fusion, nausea and vomiting appeared. The blood pres¬ 
sure fell, with narrowing of the pulse pressure; marked 
tachycardia developed. The urine which had been scanty 
throughout was further suppressed prior to therapy. The 
serum non-protein nitrogen, consistently 40 mg. per 100 
ml. or less during the previous seven days, rose to 47; the 
serum creatinine, consistently below 1.09 mg. per 100 ml., 
rose to 1.22 on December 17th. On this date 188 mEq. of 
sodium chloride were given intravenously as a 3 per cent 
solution. The next day the patient remained confused 
and apathetic with continued hypotension and tachycardia. 
Although serum sodium was now 131.5 mEq. per liter, 
the hematocrit continued to rise to 37 per cent Ac¬ 
cordingly, an additional 402 mEq. of sodium chloride in 3 
per cent solution, and SO grams of concentrated human al¬ 
bumin w'ere administered intravenously. On the follow¬ 
ing day clinical improvement was striking. The serum 
sodium was 138 mEq. per liter. The hematocrit had re¬ 
turned to 30 per cent 

The patient was then maintained on a regular diet with¬ 
out salt restriction. On December 26th, 10.3 liters of 
ascites were removed. The patient was requested to limit 
his fluid intake. Nevertheless, because of Intense thirst, 
he drank large quantities of -water. Sodium chloride was 
given in proportion of approximately 135 mEq. to each 
liter of water retained; 550 mEq. the day of paracentesis 
and 426 the following day. On this program the con¬ 
centrations of sodium and chloride in serum remained 
normal and there was no evidence of hemoconcentration 
or nitrogen retention. The sensorium remained clear. 
No signs of circulatory impairment developed. Some 
nausea did occur but this may have been related to in¬ 
gestion of salt tablets and to abdominal distention associ¬ 
ated with the accelerated rate of reaccumulation of ascites. 

The retention of water and sodium for the two periods 
described are represented in the table and Figure 1. 
During the first period water retention was large al¬ 
though the intake of sodium was initially very small. 
When symptoms developed 44 hours after the first para¬ 


centesis, hypertonic sodium chloride was required to re¬ 
store the body water to relatively normal tonicity. Dur¬ 
ing the second period, when very large amounts of sodium 
chloride were given, the patient reaccumulated ascites 
at a very rapid rate and again required paracentesis of 
11.5 liters of fluid on December 30th. It is of interest 
that on the second day of this regime the urine contained 
54 mEq. of sodium whereas the excretion was less than 
1 mEq. on all other days. 

On December 31st, the patient developed bronchopneu¬ 
monia, from which time on his condition deteriorated rap¬ 
idly. Enough sodium chloride was given each day to 
render the fluid intake approximately isotonic. The 
concentration of sodium in serum remained normal 
throughout the remainder of his course and no symp¬ 
toms suggestive of salt depletion appeared. However, he 
gradually lapsed into coma with increasing jaundice, and 
despite apparently successful therapy of the pneumoni¬ 
tis with antibiotics, death in hepatic coma occurred on 
January 14, 1950. 

Post-mortem examination confirmed the clinical diag¬ 
nosis of advanced portal cirrhosis with esophageal varices. 

Case II. 

W. F. (CVAH No. 23530), a 58 year old white male, 
had consumed moderate quantities of alcohol for 25- 
years prior to hospitalization on May 3, 1950. He had 
noted anorexia and weight loss nine months before admis¬ 
sion; two months later his abdomen began to swell. 
Three months prior to admission a paracentesis was per¬ 
formed; he was placed on a salt poor diet and received 
mercurial diuretics. Paracenteses were required at in¬ 
tervals of four to six weeks and were followed on each 
occasion by weakness and general malaise for two or 
three days unassociated with muscle cramps, disturbed 
sensorium or gastrointestinal symptoms. 

On admission he appeared malnourished. The ex¬ 
tremities were wasted and the abdomen was markedly 
distended. He was mentally alert. Numerous spider 
angiomata were present Examination of the lungs and 
cardiovascular system revealed no abnormalities except 
for mild tachycardia and a blood pressure of 150/88. 
Numerous dilated superficial veins were present over 
the distended abdomen and frank signs of fluid were 
present After the removal of ascitic fluid the edge of a 
firm non-tender liver could be felt 4 cm. below the 
costal margin. The spleen was not felt There was no 
subcutaneous edema. 

A mild hypochromic anemia was present Urinalysis 
was unremarkable except for a specific gravity of only 
1020 despite marked oliguria. Tests of liver funcb'on in¬ 
dicated marked hepatocellular damage, although bilirubin 
levels were normal. COi content was 20.4 to 23.4 mEq. 
per liter during the period of study. Other data, re¬ 
corded in the table, indicated moderate impairment of 
renal function. X-ray e.xaminations failed to demonstrate 
esophageal varices but revealed a benign appearing ul¬ 
cer crater on the lesser curvature of the stomach. 

Shortly after admission the diet previously described, 
containing approximately 15 mEq. of sodium, was given. 
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Fig. 1. Case i. Cumulative Retention of Total 
Body Water and Sodium 

Ordinate scale constructed to represent IdS mEq. of 
sodium equivalent to 3.0 liter of water. Dotted line 
above hatched area represents retained sodium. Solid 
line represents water retained. Open area represents water 
retained in excess of sodium. 

From May 6th to May 9th, before paracentesis, his 
weight increased almost 3 kilograms (Table 1). During 
this period the concentration of sodium in serum fell 
from 134.8 to 129.8 mEq. per liter and that of chloride 
from 105.0 to 100.1 while serum potassium rose from 
5.9 to 6.4 mEq. per liter. On May 9th, 16.4 liters of 
ascitic fluid were removed by paracentesis. The next 
morning, the concentrations of sodium and chloride in 
serum were 125.0 and 96.1 mEq. per liter respectively. 
On the morning oi May 11th, the serum chloride had fallen 
further to 92.6 mEq. per liter, while the concentration of 
sodium appeared to have remained essentially unchanged 
and carbon dioxide content increased by 2 mEq. per liter. 
Serum potassium had increased to 6.7 mEq. per liter 
and the non-protein nitrogen to 56 mg. per 100 ml. 
However, the patient remained quite comfortable and ate 
well. During the afternoon increasing weakness and 
fatigue were noted together with some nausea. The pa¬ 
tient refused supper and at midnight complained of 
severe nausea and persistent hiccoughs. He was dis¬ 
tressed and apprehensive but the sensorium was clear 
and no muscle cramps developed. The pulse rate rose 
from 80 to 106 with a fall in blood pressure from 120/80 
to 95/80. This deterioration of the clinical condition was 
unassociated with any further change in the concentra¬ 
tion of sodium or chloride in serum, but by midnight, 
60 hours after the paracentesis, the potassium rose even 
higher to 7.4 mEq. per liter. He was given 200 mEq. 
of sodium chloride as a 3 per cent solution intra¬ 
venously at this time. During the next eight hours nau¬ 
sea gradually disappeared and he became much more 
comfortable. The concentration of chloride in serum 
rose to 100.3 mEq. per liter and that of sodium to 128, 
while potassium fell to 7.0 and carbon dio.xide content 
by 2.8 mEq. per liter. Hiccoughs continued for 12 hours 


longer. He then received an additional 85 mEq. of so¬ 
dium chloride by mouth. Within 36 hours his strength 
and sense of well being had been restored and the pulse 
and blood pressure had returned to their original values. 
However, without administration of salt, the concentra¬ 
tion of sodium and chloride in serum fell about 3 mEq. 
per liter. The non-protein nitrogen did not fall, but se¬ 
rum potassium decreased further to 6.6 mEq. per liter 
on May ISth. 

In the three day period prior to paracentesis, there 
had been retention of approximately 2.8 liters of water 
in excess of sodium (Table I, Figure 2) with an associ¬ 
ated decline of 5 mEq. per liter in the concentration of 
sodium and chloride in serum. The calculated additional 
retention of water without salt during the 60 hours after 
paracentesis approximated only 800 ml. but the serum 
sodium declined by 5 and the chloride by 7 mEq. per 
liter during this period. During the 32 hour period af¬ 
ter the administration of hypertonic saline, the increase 
in total body water as indicated by weight gain of 0.4 
kilogram was small, but the increase in extracellular 
volume calculated from change in concentration of 
chloride in serum and chloride balance (17) was 2 liters. 
On May 13th, the patient began to leak fluid from the 
paracentesis puncture site and balance studies were 
discontinued. 

Subsequently, a diet containing liberal amounts of 
sodium chloride was given and there were no further 
manifestations of salt deficiency. During the next two 
months there was slight clinical improvement and the 
abnormalities in tests of hepatic function became less 
marked. Additional paracenteses were required at 
monthly intervals. Some nitrogen retention persisted and 
endogenous creatinine clearance on June 22nd was only 
29 ml. per minute. The gastric ulcer failed to heal and 
a second crater subsequently appeared. The patient died 
on August 4, 1950, following repeated episodes of gastro¬ 
intestinal bleeding. Findings at post mortem examina¬ 
tion included portal cirrhosis of the liver with esophageal 


HgO No 



Fig. 2. Case n. Cumulative Retentio.n of Total Body 
Waxes and Sodium (represented as in Figure 1) 

Paracentesis performed late afternoon of May 9th. 
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varices; two benign gastric ulcers; and benign arteriolar 
nephrosclerosis of moderate severity, 

DISCUSSION 

Manifestations observed in the first patient 
included hyponatremia, apathy, weakness, con¬ 
fusion, anorexia, nausea, vomiting, muscle cramps, 
hypotension, narrow pulse pressure, tachycardia, 
hemo-concentration and elevation of the serum 
non-protein nitrogen. Following the administra¬ 
tion of hypertonic saline these disappeared. Fur¬ 
thermore, the syndrome failed to develop when iso¬ 
tonic saline was given after the second paracen¬ 
tesis. The second patient’s symptoms were less 
severe but equally characteristic. The sensorium 
remained clear although depression and appre¬ 
hension were noted. He became nauseated and 
had hiccoughs but did not vomit. Circulatory im¬ 
pairment, as reflected by hypotension and tachy¬ 
cardia, was unequivocal. Hyponatremia and hy- 
pochloremia were present. Nitrogen retention, 
present on admission, became more marked after 
paracentesis. The administration' of sodium chlo¬ 
ride produced marked improvement although the 
concentration of non-protein nitrogen and creati¬ 
nine in the serum remained elevated. 

In both patients, the urine volume remained 
small throughout, averaging about 600 ml. daily 
in Case I and approximately 750 ml. daily in Case 
11, Both patients retained water even though 
sodium was not given, so that hyponatremia nec¬ 
essarily developed. In Case I, although physical 
signs indicated rapid reaccumulation of ascitic 
fluid during the first 24 hours after the para¬ 
centesis of December 15th, the calculated increase 
in total extracellular fluid volume during this first 
day was negligible (0.13 liters) and the hemato¬ 
crit rose but slightly, suggesting that losses of 
plasma water and electrolyte into the peritoneal 
cavity were being replaced at the expense of trans¬ 
fers from the interstitial extracellular compart¬ 
ment. 

In the second patient, water was being re¬ 
tained in excess of sodium prior to paracentesis. 
Nevertheless, symptoms did not develop until 
about 60 hours after paracentesis. Although 
weight did not increase at an accelerated rate af¬ 
ter paracentesis, the concentrations of sodium and 
chloride in serum underwent a further abrupt fall. 
The mechanism of this change is not clear, but re¬ 


quires either a shift of sodium chloride into cells 
or, due to alteration of intracellular osmolarity, a 
movement of water out of cells. 

Both patients developed symptoms concomitant 
with the decline in concentration of sodium in se¬ 
rum during the days following paracentesis. This 
decline occurred despite the presence of an ab¬ 
normally large total volume of extracellular fluid 
with an excessive total body content of sodium. 
However, with segregation in the peritoneal cavity 
of a considerable portion of the total volume of 
extracellular fluid (ascitic fluid plus interstitial 
fluid plus plasma), it appears likely that the ex- 
traperitoneal extracellular fluid volume (inter¬ 
stitial fluid plus plasma) was actually reduced. 
Certainly the plasma volume, as judged by the ris¬ 
ing hematocrit in Case I, was diminished. Man- 
kin and Lowell (18) observed that patients with 
cirrhosis characteristically reaccumulate ascites 
most rapidly during the first three days after 
paracentesis. In one of their patients ascitic 
fluid volume expanded by 2 liters during the first 
24 hours after tapping, while body weight in¬ 
creased by only 1 kilogram. At least a liter of 
extraperitoneal extracellular fluid must therefore 
have been transferred into the peritoneal cavity. 
That transport of extraperitoneal extracellular 
fluid into the peritoneum frequently occurs after 
paracentesis is further supported by the clinical 
observation that when subcutaneous edema is 
present, it often decreases during this period, al¬ 
though body weight may not fall (19). 

Several observations suggest that contraction of 
the extraperitoneal extracellular fluid volume 
(which, apart from any edema, might be called 
the “effective” extracellular volume) is an im¬ 
portant feature of the syndrome. The second 
patient (W. F.) underwent two subsequent para¬ 
centeses after he had developed moderate de¬ 
pendent edema. No untoward manifestations ap¬ 
peared despite the fact that no extra salt was 
given and reaccumulation of ascites was initially 
rapid. The edema decreased without weight loss 
during the days following each paracentesis. This 
has been observed in other patients with ascites 
whose edema disappeared after paracentesis while 
their weight remained stationary and ascites in¬ 
creased. Presumably the edema fluid mobilized 
served to maintain the effective volume of extra¬ 
cellular fluid since symptoms did not appear de- 
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spite moderate hyponatremia which was present 
before and after paracentesis and which showed no 
significant change after paracentesis. Others who 
have observed the occurrence of weakness and 
circulatory impairment after paracentesis state 
that they have encountered these symptoms only 
in patients with little or no peripheral edema who 
reaccumulate ascites rapidly (20, 21). 

That hemoconcentration of some degree fre¬ 
quently follows paracentesis in patients with he¬ 
patic cirrhosis is evidenced by the observations of 
Gabuzda and his associates (19). A patient has 
been observed by us who developed severe hemo¬ 
concentration and became comatose on two oc¬ 
casions within 48 hours after paracentesis, and on 
each occasion was relieved by the intravenous in¬ 
fusion of salt poor human albumin. In the first 
case reported here, W. T., it seems probable that 
the administration of albumin might well have 
not only corrected the hemoconcentration but 
also the extreme thirst which presumably re¬ 
sulted from the contracted blood volume (22) and 
which directly led to the large water ingestion 
and consequent hyponatremia. Certainly the fre¬ 
quent occurrence of moderate hyponatremia in 
patients with decompensated cirrhosis without 
symptoms of salt deficiency (7, 8) suggests that 
hypotonicity alone, although hardly beneficial, 
does not produce the clinical syndrome described. 
It thus seems probable that a decrease in effective 
extracellular volume is a necessary event in its 
pathogenesis, and that the administration of hy¬ 
pertonic saline serves to correct both the hypo¬ 
tonicity and the diminished plasma volume. 

Although the various manifestations encoun¬ 
tered in the patients described above were similar 
to those encountered with diverse causes of salt 
deficit, the loss of water and electrolytes was into 
the peritoneal cavity rather than externally. The 
retention of ingested water without salt may have 
represented an attempt to restore the decreased ef¬ 
fective extracellular volume or the diminished 
plasma volume at the expense of electrolyte con¬ 
centration. If isotonic saline or edema fluid was 
available in sufficient quantity to provide for the 
obligatory reaccumulation of ascites, the syndrome 
did not occur. Once it had developed, however, 
hypertonic saline was necessary to restore electro¬ 
lyte concentration and effective extracellular 
volume. 


Rigid restriction of the intake of sodium has 
been widely practiced with a large measure of suc¬ 
cess in the management of patients with hepatic 
cirrhosis and ascites (7,23-26). The infrequency 
of the development of the low-salt syndrome in 
patients so treated has been emphasized (24, 27). 
Although chronic hyponatremia in hepatic cir¬ 
rhosis is common, it appears to be related to the 
severity of decompensation (7, 8) and does not 
necessarily depend upon rigid salt restriction. 
However, a tendency for serum sodium to fall 
in patients with hepatic cirrhosis treated by means 
of a diet poor in sodium has been reported by 
Farnsworth and Krakusin (28). Similar obser¬ 
vations have been made by Eisenmenger and as¬ 
sociates (8, 24), who described symptoms sug¬ 
gesting sodium deficit in two of 13 cases treated. 
However, in one patient the symptoms were very 
mild and in the second their relationship to sodium 
restriction was unclear. Symptomatic hypo- 
chloremia in hepatic cirrhosis was probably first 
described by Forges- in 1932 (29). Mach and 
associates (30) recognized hypochloremia fol¬ 
lowing repeated paracenteses, but observed no as¬ 
sociated symptoms. Gabuzda and colleagues (19) 
have noted moderate hyponatremia to be a fre¬ 
quent transitory event after paracentesis, an ob¬ 
servation confirmed by others (8). 

It seems probable that if the syndrome described 
above occurred frequently in severe form, it would 
no doubt have been recognized more often in the 
past. The observations presented do not detract 
from the therapeutic value of salt restriction in 
cirrhosis, nor do they indicate that the large 
amounts of salt administered in this study will of¬ 
ten be required. The available information sug¬ 
gests that the abnormality rarely becomes severe 
enough to produce symptoms. Moreover, these 
often may be mild and disappear without therapy 
specifically directed at their correction. 

SUMMARY 

1. The development of symptomatic hyponatre¬ 
mia following abdominal paracentesis in two pa¬ 
tients with cirrhosis of the liver has been described. 

2. The manifestations were corrected by ad¬ 
ministration of sodium chloride in hypertonic 
solution. 

3. Development of the syndrome was apparently 
prevented in one patient when his fluid intake after 
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paracentesis was limited to isotonic saline. In the 
other patient, when subcutaneous edema was pres¬ 
ent on a later occasion, its mobilization after para¬ 
centesis appeared to prevent the symptoms. 

4, It is suggested that although total extracellu¬ 
lar fluid volume was large, the extraperitoneal (ef¬ 
fective) extracellular fluid volume was actually 
decreased in both patients when the syndrome 
developed. 
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INTRODUCTION 

The energy demands of increased functional 
activity of the body as a whole are met by in¬ 
creased oxygen consumption with a high degree 
of thermodynamic efficiency amounting to 25 or 
30 per cent (1). In the case of cardiac or 
skeletal muscle or secreting glands this relation¬ 
ship seems straightforward, but it is less obvious 
with brain or kidney. In the case of kidney, 
thermodynamic calculations by other workers 
(2, 3) Indicate that the theoretical oxygen 
equivalent of the work necessary to produce 
maximal osmolar gradients bet\veen plasma and 
bladder urine is small relative to the resting 
metabolism of the organ. Experimental testing 
of this relationship by direct measurements in 
animals has resulted in contradictory reports 
(4-8). Since failure of experimental unanimity 
may have been due, in part, to differences in 
species, preparation or anesthesia, and since 
changes in renal oxygen consumption may be 
related to many factors other than mere overall 
osmotic gradients, it seemed advisable to make 
these measurements in unanesthetized man. 
Aside from their theoretical interest, such data 
might help in understanding the concepts of 
“renal work" and “resting the kidney” on the 
clinical level where they are stressed in all 
discussions of therapy but do not have an un¬ 
equivocal background on the basis of either 
theory or e.xperiment. 
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METHODS 

General 

Measurements of glomerular filtration rate, renal blood 
flow and renal oxygen consumption were made before and 
during test procedures in 15 adult male subjects between 
the ages of 17 and 58 years of age none of whom had 
evidence of renal disease. Clearances were performed in 
general according to the techniques described by Goldring 
and Chasis (9), and values were corrected to 1.73 square 
meters surface area. Constant infusions of test solutions, 
mannitol and para-aminohippurate (PAH), were given 
intravenously by means of a motor driven worm screw 
pushing on the barrel of a 50 cc. syringe according to the 
technique of Earle and Berliner (10). PAH and mannitol 
were mixed in the same solution; this procedure, however, 
causes no reduction in PAH extraction and clearance such 
as has been described with mixtures of PAH and glucose 
where presumably a coupling reaction occurs in which the 
p-amino group of the PAH is covered (11). Urine was col¬ 
lected by catheter with bladder washings. Blood samples 
were taken simultaneously from the femoral artery by means 
of an indwelling needle and from the right renal vein by 
means of a catheter. Before sampling, 5 cc. of blood were 
withdrawn from the artery and 10 cc. from the renal vein 
to clear the systems. These quantities were demonstrated 
to be adequate by testing in vitro with dye solutions. 
After sampling, this blood was reinjected. Blood to be 
analysed for excretory substances (mannitol, PAH and 
creatinine) was taken into dry syringes and transferred to 
tubes containing powdered heparin. Blood for gas 
analysis was taken anaerobically into 10 cc. syringes wet 
with liquid heparin. One cc. of mercury was introduced, 
the syringes were capped and kept in ice until analysed. 
This interval was sometimes as long as six hours in cases 
where a great many specimens were taken, but if the blood 
is adequately iced no measurable deterioration of oxygen 
content occurs in this time. Since analysis of each 
arterial sample was immediately followed by analysis of its 
paired venous sample, any undetected deterioration would 
tend to be minimized in the arterio-venous difference. 

Pest procedures 

After control observations vaty'ing from about 30 to 60 
minutes’ duration and consisting of two or three urine 
collection periods and one or two arterio-venous oxygen 
differences, one of the following experimental procedures, 
designed to change renal work, was instituted. 
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PAH saturation: In five subjects the rate of excretion 
of PAH by the tubules was increased from values of 11-16 
mg./iTiin- to maximal rates of 71-86 mg./min. by increasing 
the rate of PAH infusion after an additional priming dose, 
thus raising the PAH plasma concentration from low 
levels of around 2 mg./lOO cc. to higher levels of around 
30 mg./lOO cc. 

Water diuresis: In five subjects tap water was given by 
mouth in varying amounts, depending on the subject’s 
capacity, and measurements made after water diuresis had 
been established. 

Osmotic diuresis: In five subjects mannitol was injected 
intravenously as a priming dose of 12.5 to 50 grams 
followed by a constant infusion of 194 to 262 mg./min. 

Calculation of renal functions 

Renal blood flow (RBF) was determined by application 
of the Pick principle using PAH as a test substance, 

UV 1 

according to the equation RBF —-X —r;—, where V 

A-R 1-Hct 

equals the rate of urine formation in cc./min.; U, A and R 
equal the concentration of PAH in mg./cc. in urine, 
arterial plasma and renal venous plasma respectively: and 
Hct. is the arterial hematocrit. Determined values for 
A-R from simultaneously drawn samples were plotted 
against time on semilogarithmic paper and the interpolated 
value at the mid-point of each urine collection period was 
used to calculate RBF. Glomerular filtration rate (GFR) 
was measured as endogenous creatinine clearance (Ccr) 
in all cases and as mannitol clearance (Cm) in some. 
Total renal oxygen consumption (TQoj) was calculated as 
the product of RBF and renal arterio-venous oxygen 
difference (A-R)o 2 . Data have been expressed as cc./lOO 
grams/min. (Q 03 ) on the assumption that 300 grams of 
renal tissue are equivalent to 1.73 square meters surface 
area, i.e., Qoj = TQoj/3. In each case, control values of 
RBF and (A-R) 02 were averaged and these averages 
multiplied together to calculate TQo 2 . Experimental 
values were treated in the same manner. To avoid the 
possibility of error in (A-R)o 2 estimations, arising from 
changes in hemoglobin concentration in passage through 
the kidney or by unequal dilution in the sampling syringes 
by liquid heparin or traces of saline remaining in the 
venous catheter, values for renal venous oxygen content 
have been corrected to the same hemoglobin content as 
the simultaneously drawn specimen from the femoral 
artery according to the following formula. Ro^c = R 02 D 
X^AHb/RHb, when R 02 C is the corrected, and R 02 D 
determined value for oxygen content of renal venous blood 
in vols. per cent, and AHb/RHb is the ratio of hemoglobin 
concentration in the femoral artery to that in the renal 
vein. This value, AHb/RHb, averaged 0.997 in 47 
determinations with a standard deviation of 0.027 and a 
standard error of the mean of 0.004. The range, however, 
was from 0.913 to l.OSO, and while these corrections are 
small compared to the total oxygen content of either 
arterial or renal venous blood, they may constitute a 
sizeable fraction of the relatively small (A-R) 02 - In 11 
instances the correction was zero but in 10 it was greater 
than 0.50 vol. per cent. The mean of the differences 


Ro:c‘^o:d was not statistically significantly different from 
zero but this merely indicates that AHb tended to e.xceed 
RHb as frequently as RHb exceeded AHb. These changes 
arc probably not due to errors in the hemoglobin method, 
since we have found in 42 sets of triplicate determinations 
(assuming I gram of hemoglobin to be equivalent to 1.34 
cc. of o.xygcn) that the maxiinum change in (.*\-R)o 2 result¬ 
ing from error in .AHb/RHb should have been less than 
0.2 vol. per cent in 95 per cent of the cases. On the basis 
of subsequent work, we are inclined to believe that one 
factor in this difference was unequal dilution of the 
arterial and renal venous blood by the liquid heparin in the 
sampling syringes. Similar results of about the same 
magnitude have been reported by other workers in the 
dog (1, 12, 13) although smaller differences have been 
found in man (14, 15). 


Che mica I deter m inati ons 

Blood o.xygen content was determined in duplicate on 
1 cc. samples by the manometric method of Van Slyke 
and Neill for simultaneous determinations of carbon 
dio.xide and o.xygen (16). In all determinations gas was 
thus liberated by means of a combined reagent containing 
lactic acid. Under these conditions, as has been demon¬ 
strated in this laboratory (17) and recently confirmed (18), 
the inaccuracies of oxygen determinations resulting from 
incomplete hemolysis of red cells by saponin in neutral 
solution do not occur (19). Duplicate determinations 
agreed within 0.05 vol. per cent for the most part and 0.10 
vol. per cent in all cases. 

PAH was determined as " total" PAH by acid hydrolysis 
of the conjugated material according to a modification of 
the method of Smith and his associates (20) in 11 cases and 
by the method of Newman and his associates (21) in the 
last four. 

Mannitol was determined by a modification of Smith's 
method ( 22 ); endogenous creatinine was determined by 
the method outlined by Brod and Sirota (23); oxyhemo¬ 
globin determinations were done on the Evelyn photo¬ 
electric colorimeter (24) and hematocrits were determined 
according to the method of Wintrobe (25) with no cor¬ 
rection for trapped plasma. 


Statistical methods 


To evaluate results, the standard error of measurement, 
irm, for each specific function has been calculated from the 
variability of multiple control determinations in each 


individual according to the formula am 


=== W’ 


Avhere d 


represents the deviation of each observation from the mean 
value for that subject and n' represents degrees of freedom 
calculated as the total number of observations minus the 
total number of subjects. The standard error of measure¬ 
ment of the mean of multiple determinations in a single 


subject equals -7= where n is the number of observations 
Vn 

making up the mean. In the case of Qo 2 > the product of 
(A-R)o 2 and_RBF, the standard error of measurement has 
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been calculated from the formula: 

(_ / gm(A-R)o; Y / omRBF Y 

V / V / \ OT / 

where Qos, (A-R)oj and RBF refer to the respective means. 
Dividing by three expresses amQoj in cc./lOO grams/min. 

Standard errors of measurement thus calculated for the 
various specific renal functions are shown in Table I. The 
standard error of measurement of the difference, o-md, of 
each experimental value from its own control value was 
calculated according to the formula omd equals 
'Ja-m^c + am's where omc and ome are the standard errors 
of measurement of the control and experimental values 
respectively. Each difference was then divided by its 
standard error of measurement and the resulting "t” value 
evaluated for significance at the 5 per cent level. 

The significance of the means of the differences between 
control and e.xperimental observations for all subjects 
taken together within each of the three test groups was 
evaluated by the usual “ t" test. 

RESULTS^ 

The data are given in Table II. None of the 
test procedures used resulted in consistent 
measurable changes in either (A-R)o, or Qo, and 
in only a single instance, Qo, in patient 6, was 
the change significantly greater than might be 
expected on the basis of the error of the method. 
If one disregards patients 1, 4, and 6 there was 
no change in (A-R)o, greater than 0.4 vol. per 
cent or in Qo, greater than 1.4 cc./lOO grams/ 
min. Thus on a statistical basis no t value 
would have been greater than 0.7. Likewise 
the mean differences are not statistically signifi¬ 
cant. Glomerular filtration rate as estimated by 


TABLE I 

Statistical basis for evaluation 


Specific renai fuQction 

Standard error of measure¬ 
ment when equals 

i. . _ 


1 t 

2 

3 

GFR cc./min. 




Mannitol clearance 

8.4 

6.0 

4.9 

Creatinine clearance 

7.5 

5.3 

4.3 

RBF cc./min. 

168 

118 

97 

(A-R)oj vols. per cent 

.37 

.26 

.21 

Qoj cc./lOO grams/min. 




Single {A-R)oj X mean of n 
RBF 

Mean of 2 (A-R)o- X mean 

1.90 

1.82 

1.79 

1 

1.45 i 

1.34 

1.30 

of n RBF 




'Following the presentation of these data in abstract 
form, Bucht, Werko, and Josephson have reported similar 
results associated with tubular saturation with PAH (26). 


endogenous creatinine increased significantly 
with water diuresis. At the onset of water 
diuresis, usually, for a single urine collection 
period, some of the subjects showed a transient 
increase in RBF (persistent in patient 8) which 
may have been due to hyperemia but may also 
possibly have been due to washout- of PAH 
contained in the urinary dead space as the rate of 
diuresis increased. Such periods were not in¬ 
cluded in experimental averages and (A-R)o, 
measurements were not made at times when it 
was anticipated that this change would occur, so 
as to avoid any possible effect on Qo, of hemo¬ 
dynamic changes per se, real or apparent, in 
contradistinction to effect on Qo, of changes in 
renal tubular functional activity. 

The mean renal arterio-venous differences of 
the 15 subjects calculated from control observa¬ 
tions only was 1.43 vols. per cent with a standard 
deviation of 0.39 and a standard error of the 
mean of 0.10. The mean renal oxygen con¬ 
sumption was 6.24 cc./lOO grams/min. with a 
standard deviation of 2.07 and standard error 
of the mean of 0.54. These values are in good 
agreement with those of other workers for the 
metabolism of the normal kidney (14, 15, 27). 

DISCUSSION 

These data indicate that, if changes in renal 
oxygen consumption occurred under the condi¬ 
tions of these experiments, such changes were 
masked by the error of measurement. While 
these measurements will detect only relatively 
large changes, they would be quite adequate to 
detect such changes as may occur in the body as 
a whole during exercise where oxygen consump¬ 
tion may increase 16 fold (28). Failure to ob¬ 
tain such a response means either that the 
stimuli were inadequate or that the kidney uses 
most of its oxygen for something other than the 
changes in work load we induced. Since the 
kidney is never entirely at rest, it may well be 
that' the differences between control and experi¬ 
mental conditions were really quite small with 
respect to the total energy required in the 
complex process of converting glomerular filtrate 
into urine and maintaining the functional state 
of the renal cells. A relationship between urin¬ 
ary function and renal o.xygen consumption is 
suggested by the data of Cargill and Hickam 
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Effect on renal oxygen consumption of some changes in functional activity 


Patient 

Tubular* * * § 

excretion 

PAH 

mg-lmin. 

1 

Rate of I 

diuresis 

cc./min. 

Urine 

specific 

gravity 

U/P ratio 
creatinine 

Klltration 
rate (GER)t 
ce.lmin. 

Kcn.-il blond 
How (RUE) 
ce.lmin. 

Rcn.al A-V 

0 > difference 
I(A.K)o,] t 
cols, per cent 

Renal Oi 
consumption 
(Qoj) 

cc.flOO srams/min. 


C5 

E5 

C 

E 

C 

E 

C 

D 

C 

Bi 

C 

E 

B 

B 

C 

E 


I. PAH saturation 



6 

■ 

n 

0.5 

7.5 

■ 


163 

9 

65 

70 

1840 

1690 

1.6 


9.8 

4.5?** 

7 



0.8 

6.6 

■■ 


135 

17 

99 

115** 

1350 

1560 

2 .1Y 

1.8 

9.5? 

9.4? 

8 

^^B 


0.5 

12.5 

lEvfl 

1.003 

232 

11 

116 

137** 

1540 

1830‘'' 

1.6 

1.3? i 

8.2 


9 



0.8 

8.01 


1.001 

119 

12 

95 

98 

878 

884 

1.6 1 


4.7 

1 5.9 

10 

■ 

■ 

0.8 

3.1 

1.022 

1.009 

83 

22 

66 

69 

855 

923 


1.5? 

4.8 

i 

4.6? 

Mean 

■ 

I 

0.7 

m 



146 

14 i 

88 

B 

1093 

1177 

1.72 

1.48 

7.40 

6.46 

1 


III. Mannitol diuresis 


11 

■ 

■ 

0.9 

3.1 

■B 

■B 

IB 

29 

109 


1400 

1430 

1 .8? 

1 .6? 

8.4? 


12 



0.5 

4.4 




18 

78 

■KM 

1060 

1110 

1.6 

1.6 

5.7 

3.9 

13 

■ 

^^B 

0.4 

6.3 




13 

86 


984 

1120 

1.8 

1.9 

5.9 

7.1 

14 



0.7 

7.8 




22 

166 

mSum 

2210 

2550“ 

1.2 

1.1 

8.8 

9.4 

15 

■ 

■ 

0.6 

4.6 




22 

102 

101 

935 

915 

1.4 

1.6 

4.4 

4.9 

Mean 



0.6 

5.2 

1 


180 

21 

108 

109 

1318 

1425 

1.56 

1.56 

6.64 

6.98 

Grand mean 












mean 

1.43 


6.24 














£y 

0.39 


2.07 














ax 

0.10 


0.54 



* Calculated by TmpAH formula T — UV 0.83 GFR X Ppaii, where T = tubular excretion of PAH,'UV — urinary 
excretion of PAH, GFR = glomerular filtration rate, Ppah = plasma concentration of PAH. 

t Mannitol clearance in I, endogenous creatinine clearance in II and III. 

j Corrected to equal hemoglobin concentrations. 

§ C = control, E = experimental determination. 

II Values not obtained due to technical difficulties, e.xperimental value of RBF used to calculate Qq. since variability 
of (A-R)o 2 «s much greater than that of RBF. 

^ Single determination, all others average of 2 or 3. 

** Statistically significant change from control value. 


(IS) who found a significant correlation between 
glomerular filtration rate and renal oxygen con¬ 
sumption. Their studies, however, included ob¬ 
servations on patients with renal disease where, 
as the authors point out, metabolic properties 
may be altered. Hayman and Schmidt in 1928 
(5) and Van Slyke and his associates in 1934 (8), 
on the basis of data in animals similar to these 
in humans, postulated that the bulk of energy 
resulting from renal oxygen consumption is ex¬ 
pended for something other than external work. 


Rapoport and his colleagues have determined 
that calculated renal osmotic work can be in¬ 
creased by solute loading up to a maximum 
value of about 4.0 calories/min./1.73 square 
meters (3). On this basis, since 1 cc. of oxygen 
is approximately equivalent to 5 calories (only 
minor errors would be introduced by varying 
R. Q.), a change from resting state to one of 
maximal osmotic work should cause an increase 
in Qo, of roughly 0.3 cc./lOO grams/min., or only 
5 per cent of our mean value for oxygen con- 
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sumption of the human kidney. As these au¬ 
thors have pointed out (29), one may question 
the physiologic significance of such thermo¬ 
dynamic calculations since they consider only 
the overall osmolar gradient between plasma and 
bladder urine, and processes such as glucose re- 
•absorptioh, which might require considerable 
energy expenditure, are not represented as net 
work, since they are balanced by water reabsorp¬ 
tion with no osmolar change in tubular urine. 

Nevertheless, the fact that in vitro determina¬ 
tions of renal o.xygen consumption where no 
urine is being formed (30, 31), when recalculated 
into the same units as our data, give results of 
comparable magnitude also supports the concept 
that most of the oxygen used by the kidney is 
not used for external work. 

Thus the metabolic state of the kidney might 
be regarded as one of dynamic equilibrium in an 
open-ended system as recently discussed by von 
Bertalanffy (32). In such a system the bulk of 
energy is expended to maintain the steady state 
which enables work to be done, and external 
functional processes, such as urine formation, 
could be accomplished with little added energy 
beyond the basic needs of the organ. 

Applied to the clinical level, if it be true that 
the great bulk of renal metabolism goes on more 
or less independently of osmotic work being done, 
such a concept might suggest that whatever may 
be the value of special diets in the treatment of 
renal disease, such value is not dependent on 
“resting the kidney” by decreasing solute load. 

SUMMARY 

1. By means of clearance techniques with 
renal vein catheterization renal oxygen con¬ 
sumption has been measured in unanesthetized 
man before and during (a) saturation of the 
tubular transport mechanism for PAH, (6) 
water diuresis, and (c) osmotic diuresis induced 
by mannitol. 

2. The mean renal o.xygen consumption in IS 
subjects was 6.24 cc./lOO grams/min. with a 
standard deviation of 2.07 and a standard error 
of the mean of 0.54. 

3. ' The mean renal arterio-venous o.xygen 
difference was 1.43 vols. per cent with a standard 
deviation of 0.39 and a standard error of the 
mean of 0.10. 


4. These values are in reasonably close agree¬ 
ment with in vitro work. 

5. There was no statistically significant change 
in renal oxygen consumption between the control 
and test measurements. 

6. These data suggest that the bulk of oxygen 
consumed by the kidney is used for purposes not 
measurable by external work. 

7. The data suggest that any beneficial results 
of special diets in renal disease do not result from 
resting the kidney by decreasing the oxygen 
requirement as a result of diminution of external 
work. 

REFERENCES 

1. Bodansky, M., Introduction to Physiological Chemis¬ 

try. John Wiley & Sons, Inc., New York, 1934, 
Ed. 3, p. 525. 

2. Barcroft, J., and Brodie, T. G., The gaseous metabol¬ 

ism of the kidney. J. Physiol., 1905, 33, 52. 

3. Rapoport, S., Brodsky, W. A., West, C. D., and 

Mackler, B. Urinary flow, excretion of solutes, 
and osmotic work during diuresis of solute loading 
in hydropenia in man. Science, 1948, 108, 630. 

4. Barcroft, J., and Brodie, T. G., The gaseous metabol¬ 

ism of the kidney. J. Physiol., 1905, 32, 18. 

5. Hayman, J. M., Jr., and Schmidt, C. F., The gaseous 

metabolism of the dog's kidney. Am. J. Physiol., 
1928, 83, 502. 

6 . Kramer, K,, and Winton, F. R., The influence of urea 

and of change in arterial pressure on the oxygen 
consumption of the isolated kidney of the dog. 
J. Physiol., 1939, 96, 87. 

7. Fee, A. R., A note on the effect of sodium sulfate on 

the oxygen usage of the kidney. J. Physiol., 1929, 
67, 14. 

8 . Van Slyke, D. D., Rhoads, C. P., Hiller, A,, and 

Alving, A. S., Relationships between urea excretion, 
renal blood flow, renal oxygen consumption, and 
diuresis. The mechanism of urea excretion. Am. 
J. Physiol., 1934, 109, 336. 

9. Goldring, W., and Chasis, H., Hypertension and 

Hypertensive Disease. The Commonwealth Fund, 
New York, 1945, Ed. 3. 

10. Earle, D. P., and Berliner, R. W., A simplified clinical 

procedure for measurement of glomerular filtration 
rate and renal plasma flow. Proc. Soc. Exper. 
Biol. & Med., 1946, 62, 262. 

11. Baldwin, D. S., Schreiner, G. E., Breed, E. S., Wesson, 

L. G., Jr., and Ma.xwell, M. H., Depression of 
apparent p-aminohippurale extraction ratio by 
glucose. J. Clin. Invest., 1950, 29, 614. 

12. Reubi, F. C., and Schroeder, H. A,, Can vascular 

shunting be induced in the kidney by vasoactive 
drugs? J. Clin. Invest,, 1949, 28, 114. 

13. Dole, V, P,, Emerson, K., Jr., Phillips, R. A., Hamil¬ 

ton, P., and Van Slyke, D. D., The renal extraction 


750 


JOHN KAPP CLARK AND HAROLD G. BARKER 


of oxygen in experimental shock. Am. J. Physiol., 
1946, 145, 337. 

14. Bradley, S. E., and Halperin, M. H., Renal o.xygen 

consumption in man during abdominal compression. 
J. Clin. Invest., 1948, 27, 635. 

15. Cargill, W. H., and Hickam, J. B., The oxygen con¬ 

sumption of the normal and diseased human kidney. 
J. Clin. Invest., 1949, 28, 526, 

16. Van Slyke, D. D., and Neill, J. M., The determination 

of gases in blood and other solutions by vacuum 
extraction and manometric measurement. J. Biol, 
Chem., 1924, 61, 523. 

17. Cummins, A. J., Clark, J. K., Crosley, A. P., Jr., and 

Barker, H. G., Effect of various types of hemolytic 
agents in the combined determination of oxygen 
and carbon dioxide in blood. J. Lab. & Clin. Med., 
1950, 35, 164. 

18. King, R. M., The effectiveness of lactic acid as a 

hemolytic agent in the determination of blood 
oxygen. J. Biol. Chem., 1950, 184, 485. 

19. Hiller, A., Plazin, J., and Van Slyke, D. D., Sub¬ 

stitutes for saponin in the determination of oxygen 
and carbon monoxide of blood. J. Biol. Chem., 
1948, 176, 1431. 

20. Smith, H. W., Finkelstein, N., Aliminosa, L., Craw¬ 

ford, B., and Graber, M., The renal clearances of 
substituted hippuric acid derivatives and other 
aromatic acids in dog and man. J. Clin. Invest., 
1945, 24, 388. 

21. Newman, E., Kattus, A., Genecin, A., Genest, J,, 

Calkins, E., and Murphy, J., Observations on the 
clearance method of determining renal plasma flow 
with diodrast, para-aminohippuric acid (PAH) and 
para-acetyl-aminohippuric acid (PACA). Bull. 
Johns Hopkins Hosp , 1949, 84, 135. 

22. Barker, H. G., and Clark, J. K., Effect of para- 

aminohippurate on mannitol determinations by the 


periodate-iodide-thiosulfale method. Proc. Soc. 
Exper. Biol. & Med., 1947, 64, 120. 

23. Brod, J., and^Sirota, J. H., The renal clearance of 

endogenous‘‘creatinine" in man. J. Clin. Invest., 

1948, 27, 645. 

24. Evelyn, K. A., A stabilized photoelectric colorimeter 

with light filters. J. Biol. Chem., 1936, 115, 63. 

25. Wintrobe, M. M., A simple and accurate hematocrit. 

J. Lab. & Clin. Med., 1929, 15, 287. 

26. Bucht, H., Werko, L., and Josephson, B., The oxygen 

Consumption of the human kidney during heavy 
tubular excretory work. Scandinav. J. Clin. & 
Lab. Invest., 1949, 1, 277. 

27. Mokotoff, R., Escher, D. J. \V., Edelman, I. S., 

Grossman, J., Leiter, L., Weston, R. E., Zweifach, 
B. W., and Shorr, E., Vasotropic principles in blood 
, (VEM and VIM) and renal hemodynamics in 
chronic heart failure. Federation Proc., 1949, 8, 
423. 

28. Wright, S., Applied Physiology. O.xford University 

Press, New York, 1936, Ed. 6, p. 505. 

29. Rapoport, S., West, C. D., and Brodsky, W. A., 

Excretion of solutes and osmotic work during 
Osmotic diuresis of hydropenic man. The ideal 
and the proximal and distal tubular work; the 
biological maximum of work. Am. J. Physiol., 

1949, 157, 363. 

30. Crismon, J. M., and Field, J., Jr., The oxygen con¬ 

sumption in vitro brain cortex, kidney, and skeletal 
muscle from adrenalectomized rats. Am. J. 
Physiol., 1940, 130, 231. 

31. Eisenbrandt, L. L., and Elliott, H. W., Comparative 

in vivo and in vitro effects of methadone upon the 
QOj of rat liver, kidney, and jejunum. J. Pharma¬ 
col. & Exper. Therap., 1949, 97, 120. 

32. von Bertalanffy, L., The theory of open systems in 

physics and biology. Science, 1950, 111, 23. 


SPECIAL NOTICE 

A foreign medical library is in need of the January, 
1944, Vol. 23, No. 1 issue of the J.C.I. to complete 
their series. If this missing number, which is out of 
stock, may be obtained, please contact: 

Journal of Clinical Investigation 
Business Office 

c/o Cincinnati General Hospital 
Cincinnati 29, Ohio 



THE EFFECTS OF AN INCREASE IN PLASMA VOLUME ON THE 
METABOLISM AND EXCRETION OF WATER AND ELEC¬ 
TROLYTES BY NORMAL SUBJECTS - 

By L. G. welt 3 and J. ORLOFF « 

(From the Department of Internal Medicine, Yale University School of Medicine, New Haven, 

Conn.) 

(Submitted for publication January 22, 19S1; accepted April 23, 1951) 


INTRODUCTION 

Since the volume of body water is maintained 
within reasonable limits and the kidneys play 
a dominant role in this regulation, it is implicit 
that the existence of an abnormal volume is some¬ 
how transmitted to*^the kidney. In turn, some 
renal mechanism mast be stimahted to alter the 
volume and composition of the urine in a manner 
that will tend to correct the abnormality. There 
may be volume receptors as such or the responsive 
mechanism may be stimulated by some function of 
an abnormal volume. The one compartment of 
body water whose volume is most readily altered 
by changes in the others and whose constancy is 
most important for a host of physiologic processes 
is the circulating plasma. It is, therefore, impor¬ 
tant to learn what alterations in renal function are 
associated with changes in plasma volume and in 
what manner these responses may be modified. 

The volume of the plasma can be increased with¬ 
out alterations in the volumes of the other com¬ 
partments of fluid by the infusion of a solution 
identical with plasma both with respect to filtrable 
constituents and colloid osmotic pressure. Solu¬ 
tions of gelatin, acacia, plasma, and albumin have 
been used therapeutically with success for this pur¬ 
pose. The infusion of a 25% or 10% solution of 


3 Serum albumin used in this study was prepared by 
the American Red Cross from blood of volunteer donors. 
The conclusions are those of the authors and do not neces¬ 
sarily reflect the policy of the American Red Cross. 

3 Aided by an institutional grant from the National 
Heart Institute, U. S. Public Health Service, and Con¬ 
tract VlOOl M-1450 of the Veterans Administration. 

3 Work done in part during the tenure of a Post-doc- 
torate Fellowship, U, S. Public Health Service. 

■* Work done in part while a Fellow of the Dazian 
Foundation for Medical Research, and during the tenure 
of a Life Insurance Medical Research Fellowship. 

3 Present address: National Heart Institute, U. S, Pub¬ 
lic Health Service, Bethesda, Md. 


albumin will expand the volume of the plasma at 
the expense of the interstitial fluid because such a 
solution is hyperoncotic with respect to the plasma 
of the recipient. Thus, by varying the concentra¬ 
tion of the solution of albumin infused, an in¬ 
crease- in plasma volume with or without a change 
in the interstitial fluid volume can be achieved. 

Many investigators have studied this problem in 
the experimental animal and in man with conflict¬ 
ing results (1-5 ). This investigation is an attempt 
to study the alterations in the metabolism and ex¬ 
cretion of electrolytes and water promoted by ex¬ 
pansion of the plasma volume with hyper- and iso- 
oncotic solutions of purified salt-poor human al¬ 
bumin. 

EXPERIMENTAL PROCEDURE AND METHODS 

The experimental subjects in this study were two 
healthy physicians (J. O. and L. G. W.), one patient 
with well-controlled Addison’s disease (R.N.), and four 
patients (B., B. B., S., and A.) with minor diseases un¬ 
related to the cardiovascular-renal systems. Food and 
water were restricted for a period of 10 to 14 hours 
prior to each experiment except in L. G. W. 12-11-48 
when fluids as such were restricted for 48 hours. Each 
experiment was conducted with the subject in the re¬ 
cumbent position, either on a couch or in bed, and. was 
of six hours’ duration except as indicated. The experi¬ 
ments were divided into three major periods: pre-infusion 
control, infusion, and post-infusion. All urines were 
voided specimens. Samples of blood were collected under 
oil at the end of each period. 

All of the e.xperiments except those noted in the tables 
as "evening studies" (L. G. W. 10-25-48 and J. O. 2-1-49) 
were started at about 8 A.M. The "evening studies’’ were 
started at 6 P.M. after abstention from food and water for 
10 hours. 

No water was ingested during any of the studies where 
4%, 5%, 6%, and 10% solutions of albumin were in¬ 
fused, and in the experiments where 2,500 cc. of saline 
were infused prior to the administration of 25% salt- 
poor albumin. In all the other e-xperiments in which a 
25% solution of albumin was administered (except L. 
G. W. 12-11-48) water was ingested at the rate of 100 ca 
an hour. 

VSl 
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The control studies were designed to initnic the experi¬ 
ments under consideration in all details except for the 
protein in the infusion fluid. The concentration of sodium 
and chloride in 25% salt-poor human albumin is 157 and 
20 mEq./L respectively, and the water content is approxi¬ 
mately 80%. The control infusion for dOO cc. of 25% salt- 
poor human albumin was, therefore, 325 cc. of an aqueous 
solution containing the same amount of sodium and chlo¬ 
ride using appropriate amounts of NaCl and NaHCOj. 
The control infusion for 1,000 cc. of 10% albumin in 
saline was 1,000 cc. of normal saline. An equal volume of 
5% glucose was used to control the experiment with 4% 
albumin in 5% glucose, and an equal volume of normal sa¬ 
line was used to control the studies with 4%, 5%, and 
6% albumin in normal saline. Water was ingested at the 
rate of 100 cc. an hour when this had prevailed in the 
experiment for which the control study was performed. 
In the other control studies no water was ingested. 

The chemical methods and calculations Iiave been de¬ 
scribed in previous publications from this department (6- 
9). In the calculations the value for the initial volume 
of extracellular fluid (chloride space) was assumed to 
be 20% of the body weight. The initial plasma volume 
was assumed to be 5% of the body weight. The value 
for total milli-osmols in the urine was calculated from 
the equation: 2(Na -f K) -f urea. The percentage change 
in plasma volume, PV 2 /PV 1 , was calculated from the 
Hkt2 

Hgbj ■ 


formula; X ^ 


X 100. 


1 - Hkti 

In all the experiments, except L. G. W. 10-18 and 
10-25-48 and J. O. 10-20-48, the concentration of creati¬ 
nine in the serum was determined and the clearance of 

UV 


creatinine was calculated from the formula 


In the 


three experiments, cited above, only the excretion of 
creatinine was determined and the concentration of creati¬ 
nine in the serum was assumed to be constant at 1 mgm.% 
for the purpose of calculating the clearance of creatinine. 

Urea clearances were calculated from the formula, , 
regardless of the rate of urine flow. 


RESULTS 

The infusion of 50 or 100 gm. of a hyperoncotic 
solution (25% or 10%) of albumin was invariably 
associated with an increase in the concentration and 
total circulating quantity of serum albumin and 
an enlarged plasma volume (Table I). There was 
a reciprocal fall in the concentration of serum glob¬ 
ulin with a small and inconstant increase in total 
circulating globulin. Since there were no signifi¬ 
cant changes in the volume of the extracellular 
fluid, the increase in plasma volume was associated 
with a reciprocal fall in the volume of the inter¬ 
stitial fluid. 


The calculated increase in total circulating albu¬ 
min agreed quite closely with the quantity injected 
in six of nine studies. The discrepancies probably 
represent the compounding of errors inherent in 
the determinations involved. The percentage in¬ 
crease in plasma volume varied from 20% to 51%, 
hut was not nece.ssarily related to the quantity of 
albumin injected. Tlic increase in plasma vol¬ 
ume per gram of albumin infused was greater when 
the protein was administered in less concentrated 
solutions (Tables I and 11). The increase in 
plasma volume expressed as cubic centimeters per 
gram of albumin infused varied from 7.95 to 18.2 
cc. with an average of 13.2 cc. when hyperoncotic 
solutions were infused, and from 10.2 to 28.8 cc. 
with an average of 18.9 cc. when hypo- or iso- 
oncotic solutions were administered. Infusions of 
hyperoncotic solutions of albumin after prior ex¬ 
pansion of the e.Ktracelhilar space with 2)A liters 
of normal saline were associated with an increase 
in plasma volume of 11.6 cc. per gm. There were 
no consistent significant changes in the size of the 
red cells as indicated by the values for Hgb/Hkt. 

Infusions of hyperoncotic (25% or 10%) solu¬ 
tions of albumin in the experiments conducted in 
the morning (Table III) were associated with no 
consistent change in the clearance of endogenous 
creatinine. The infusions were associated with 
no change or a fall in the rates of excretion of 
sodium and chloride when compared to the pre¬ 
infusion control periods. There were no instances 
where the rate of excretion of either of these two 
ions was augmented. In contrast, in the control 
study for L. G. W. 10-18-48, where the infusion 
had the same volume of water and content of so¬ 
dium and chloride as the 25% solution of albumin, 
the rates of excretion of sodium and chloride were 
distinctly increased. This same difference in the 
response to a non-colloid solution of equal volume 
and salt content as compared to an infusion of a 
10% solution of albumin in normal saline is evi¬ 
dent by inspecting the results in experiment J. O. 
l-8~49 and its control (Table III). 

It is more difficult to analyze the response in the 
rate of excretion of water associated with the ad¬ 
ministration of a 25% solution of albumin, since in 
all but one of these studies water was ingested at a 
rate of 100 cc./hr., which would be expected to in¬ 
crease the rate of flow of urine. In the experiment 



EFFECT OF PLASMA VOLUME INCREASE IN NORMAL SUBJECTS 


753 


TABLE I 


The effect of hyperoncolic solutions of albumin on the scrum proteins and the volumes of the plasma and interstitial fluids 


Study 

Period 

Dura¬ 

tion 

Intra¬ 

venous 

albumin 

Cone, in serum 

1 

1 

Hkt 

i 

1 

Hgb 

! 

I 

Hgb 

Hfct 

1 

PVi 

PVi 

APV 
per gm. 
albumin 

A Total 
circuL 
albumin 

A Total 
circul. 
globulin 

A 

IFV 

Total 

protein 

Albu¬ 

min 

Globu¬ 

lin 



min* 


t>».% 

em. % 

SITt.% 

mt.% 

gm.% 


% 

«. ! 

gm* 

gm. 

Was 

L. G. W. 

I 

118 


6.40 

4.15 

2.25 

' 46.0 

' 15.1 

' 32.8 

100 

i 




10-11-48 

II 

60* 

so 

7.24 

5.17 

2.07 

40.4 

' 13.6 

33.7 

123 

18.2 i 

87.2 

10 . 

-0.870 

25% 

III 

60 


7.21 

5.06 

2.15 

38.6 

i 13.8 

i 35.8 

124 




-1.110 

IV 

60 


7.21 

4.90 

2.31 

1 40.1 

13.6 

1 33.9 

123 

i 

1 



-0.760 

L. G. W. 

I 

120 

1 

1 6.87 

4.45 

i 2.42 

45.2 

14.7 

39.4 

100 





10-18-48 

II 

57* 

' 50 












23% 

III 

78* 

i 50 

: 7.91 

5.94 

1.97 

42.0 

13.0 

37.9 

120 

7.95 

106.5 i 

-2.2 1 

-0.475 

IV 

120 

j 

7.62 

5.76 

1.86 

40.5 

13.1 

39.5 

122 




-0.790 

L. G. W. 

I 

120 


i 7.07 

4.52 

2.55 

42.0 

13.8 

32.9 

100 





10-25-18 

11 

59* 

50 












Evening study 

' HI 

61* 1 

50 

8.20 

6.10 

2.10 

37.0 

12.0 

32.5 

125 

10.0 

126.5 

3.2 

-0.890 

25% 

IV 

120 


7.70 

5.82 

1.88 

38.7 

12.6 

32.6 

115 




-0.930 

L. G. W. 

I 

120 


7.43 

4.27 

3.16 

46.3 

15.6 

33.7 

100 





12-11-48 

n 1 

60* 

50 i 












Dehydrated i 

III i 

60* 

50 

8.45 

6.29 

2.16 

38.7 

12.8 

33.1 

139 

15.3 

175 

-6.3 

-1.38 

25% j 

IV j 

120 

1 

8.15 

5.92 

2,23 

40.5 

12.8 

31.6 

135 




-1.19 

J.O. 

I i 

120 


6.86 

4.59 

2.26 

41.9 

13.8 

32.9 

100 





10-15-48 

II 

60* 

50 

7.06 

5.15 

1.91 

37.6 

12.1 

32.2 

122 

15.0 

59.6 

2.5 

-0.885 

25% 

III 

60 













IV 

60 


7.17 

5.17 i 

2.00 

34.9 

12.4 

35.5 

125 





J. 0. 

I 

120 


6.81 

4.61 

2.20 

39.6 

13.5 

34.1 

100 





10-20-48 

II 

63* 

50 X 










25% 

III 

58* 

50 

8.24 

6.23 

2.01 ! 

35.6 

11.7 

32.9 

123 

8.1 

00 

o 

9.7 

-1.03 


IV 

120 


8.17 

6.06 

2.11 

36.7 

12.3 

33.5 

115 




-1.12 

J.O. 

I 

120 


6.75 , 

4.35 , 

2.40 

44.9 

13.8 

30.7 

100 1 





1-8-48 

II 

60* 

50 

1 

1 









10% 

III 

60* 

50 

7.46 

5.34 

2.12 

35.7 

11.4 

31.8 

142 

15.7 

121 

22.7 

-1.04 


IV 

120 


7.46 

5.40 

2.06 

38.8 

12.0 

30.9 

128 




-0.52 

J. 0 . 

I 

120 


7.58 

4.77 

2.81 

41.8 

13.2 

31.6 

100 





2-1-49 

II 

60* 

30 










Evening study 

III 

60* 

50 

7.97 

5.89 

2.08 

35.6 

10.9 

30.6 

134 

12.2 

111.8 


-1.110 

25% 

IV 

120 


7.82 

5.95 

1.87 

38.0 

11.8 

31.1 

119 


-0.630 

R.N. 

I 

120 


7.64 

3.77 

3.87 

40.4 

12.2 

30.2 i 

100 



i 


1-13-49 

II 

60* 

50 










25% 

III 

60* 

50 

8.08 

4.95 

3.13 

30.7 

9.4 

30.4 

151 

' 16.6 

121 

28 

-1.91 


IV 

120 


7.79 

5.18 

2.61 

35.3 

9.8 

27.8 

135 


-1.32 


* Period of infusion. 


L. G. W. 10-18 and its control (Table III) the 
rates of excretion of water do not differ signifi¬ 
cantly. In the one study where a 2S‘fo solution 
of albuinin was injected and no ■water was taken 
by mouth (L. G. W. 12—11—48) there was a de¬ 
crease in the rate of excretion of water in the post¬ 
infusion period. Comparison of the rates of ex¬ 
cretion of water in the experiments J. O. 1-8-49 
and its control reveals that the hyperoncotic solu¬ 
tion of albumin (10%) provoked a mild anti¬ 
diuretic response. It should be noted, however. 


that this antidiuresis was associated with a decrease 
in the concentration of total railliosmols in the 
urine. These responses with respect to the rates 
of excretion of sodium and •ivater associated with 
infusions of hyperoncotic solutions of albumin in 
normal subjects are in striking contrast to the re¬ 
sponses in patients with the nephrotic syndrome 
and toxemias of pregnancy (10-13). 

Two subjects (Table IV) were given an in¬ 
fusion of 100 cc. (50 gm.) of 25% albumin after 
the extracellular space had been expanded with 
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2,500 cc. of normal saline. These studies were 
controlled by the administration of 200 cc, of nor¬ 
mal saline in lieu of the albumin solution after the 
initial expansion of the extracellular space. De¬ 
spite prior expansion of the volume of extracellular 
fluid, the infusion of a solution of 25% albumin 
did not promote an increase in the rates of excre¬ 
tion of sodium or water. On the contrary, the al¬ 
bumin infusion clearly retarded the rate of excre¬ 
tion of sodium, chloride, potassium, and water in 
subject B, B, 

Infusions of hyperoncotic solutions of albumin 
at night were associated with a somewhat different 
response than those observed during the morning 
(Table V). The rates of excretion of sodium and 
chloride in the control period are distinctly lower 


than they were in the comparable period in the 
morning. The infusion of 100 gm. of 25% al¬ 
bumin in both subjects and the control infusion 
were each followed by a slight increase in the rate 
of excretion of sodium and a decrease in the rates 
of excretion of both chloride and potassium. Ex¬ 
amination of the rates of excretion of water in ex¬ 
periment J, O. 2-1-49 and its control reveals no 
significant difference. 

The responses provoked by infusions of iso- 
and hypo-oncotic solutions of albumin are in 
striking contrast to the foregoing (Table VI). In¬ 
fusions of 2,280 cc. of 4%, 5%, and 6% solutions 
of albumin in saline, and 1,825 cc. of a 4% solution 
of albumin in 5% glucose promote a striking in¬ 
crease in the rate of excretion of water. This di- 


TABLE n 

T/te effect of hypo- and iso-oncotic solutions of albumin on the scrum proteins and the volumes 

of the plasma and interstitial fluid 






Cone, in scrum 









Study 

Period 

Dura¬ 

tion 

Intra- 






Hgb 

PV> 

A PV 

A Total 

A Total 

A 

venous 




Hkt 

Hgb 

per Km. 

circul. 

circul. 

IFV 



albumin 

Total 

Albu- 

Globu- 


Jrlkt 

PVi 

albumin 

albumin 

globulin 





protein 

min 

Un 











mtn. 

gm. 

! gm, % 

gm. % 

gin.% 

t'Ol. % 

gm.% 


• % 

CC, 

gm. 

gm. 

tilers 

L. G. W, 

I 

120 


6.93 

3.78 

3.15 

45.5 

14.4 

31.7 

100 





1-12-49 

IJ 

60* 

45.6 












4% 

III 

60* 

45.6 

7.19 

4.77 

2.42 

35.5 

11.5 

32.4 

148 

20.2 

125.2 

16.4 

-0.630 

IV 

120 


7.37 

4.29 

3.08 

39.0 

13.0 

33.3 

124 




-0.390 

L. G. W. 

I 

120 


6.87 

4.36 

2.51 

45.6 

14.7 

32.3 

100 





2-17-49 

II 

60* 

57 


i 









-0.510 

5% 

III 

60* 

57 

7.54 

5,26 j 

2.28 

36.0 

11.4 

31.7 

152 

18.5 

145.5 

38.1 

IV 

120 


7.15 

5.09 ! 

2.06 

36.5 

11.8 

32.3 

145 




-0.510 

L. G. W. 

I 

120 


7.26 

4.86 i 

2.40 1 

44.5 

14.8 

33.3 

100 





2-24-49 

II 

60* 

68.4 










-7.8 

-j-O.OS 

6% 

III 

60* 

68.4 

7.97 

6.34 

1,63- i 

33.5 

13.1 

39.1 

135 

10.2 

146.5 

IV 

120 


7.66 

5.84 

1.82 

30.5 

9.8 

32.2 

189 




— 1.919 

J.o. 

I 

120 

1 

7.17 

4.25 ! 

2.92 

41.3 

13.3 

32.2 

100 





1-22-49 

II 

60* 

37,5 

6.79 








77.6 

15.7 

-0.460 

4% 

III 

60* 

37.5 

7.38 

4.83 

2.55 

35.0 

11.3 

31.8 

131 

15.5 

IV 

120 


7.51 

5.05 

2.46 

39.6 

12.4 

31.3 

111 




—0.110 

J.O. 

I 

120 


7.35 



41.2 

13.1 

38.8 

100 





2-10-49 

II 

60* 


6.58 










-{-0.149 

Control for 

III 

60* 


6.57 1 



39.6 

12,2 1 

37.9 

110 




J. 0. 1-22-49 

IV 

120 


7.39 i 



41.1 

13.3 

39.4 

99 




-^0.2o5 

S. 

I 

123 


6.68 

3.37 

3.31 

41.1 

12.3 

29.9 

100 




-0.020 

-0.060 

6-5-50 

II 

57* 

30 

6.67 1 

3.53 

3.14 

37.0 

11.3 

30.5 

117 



33 

4% 

III 

61* 

30 

6.55 

3.70 

2.85 

34.8 

10.4 

29.9 

131 

20.6 

60 

IV 

V 

61 

55 


6.85 

3.82 

3.03 

38.3 

12.0 

31.4 

j 107 




+0.740 

B. 

I 

134 


6.63 

3.82 

2.81 

48.2 

15.6 

32.4 

' 100 

28.8 

101 

23.1 

-0.405 

6-5-50 

11 

119* 

30 

6.79 

4,40 

2.39 

40.0 

12.9 

32.3 

140 

4% 

III 

IV 

54* 

56 

30 

6.82 

4.20 

2.62 

43.2 

13.5 

31.3 

127 




+0.420 


* Period of infusion. 
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TABLE lU 

The effect of infusion of hyperoncolic solutions of albumin on the concentrations of extracellular electrolytes, 
clearances, and rates of excretion of water and solutes in the urine 


Study 

Period 

Dura¬ 

tion 

Extraccll. H:0 

Rates of excretioa in urine 

Clean 

Na 

Cl 

K 


Na 

Cl 

K 

Urea 

Total 

mOsm. 

Creatin 




min. 

mEqlL 

mEqlL 

mEqlL 

cc.jl^ 


rnEqll” 

mEqll° 

mMll° 

mif/i” 

cc.fmin. 


L. G. W. 

I 

118 


115 


92.4 

12.6 

14.4 

4.5 




ief*"'"! 

10-11-48 

II 

60* 


113 


130.0 

14.5 

13.4 

2.3 




j 

25%—50 gm. 

III 

60 


114 


352.0 

12.7 

13.1 

2.6 




! 1 


IV 

60 


111 


65.0 

13.2 

15.1 

3.8 




1 

L. G. W. 

I 

120 

146 

115 


201.5 

17.4 

19.6 

4.3 

20.7 

64.1 

126 

87.- 

10-18-48 

II 

57* 




405 

18.7 

18.5 

5.8 

19.5 

68.5 

107 

82.( 

25%—100 gm. 

III 

78* 

146 

111 


169.2 

15.2 

12.7 

5.1 

15.6 

56.2 

124 

68.0 


IV 

120 

145 

111 


141 

17.8 

18.6 

2.5 

16.5 

57.1 

113 

75.( 

L. G. W. 

I 

120 




140 

7.3 

10.4 






Control for 

II 

60* 




380 

15.9 

20.5 






10-18-48 

III 

60* 




135 

15.9 

16.4 







IV 

120 




182 

10.9 

11.3 






L. G. W. 

I 

120 

148 

117 

4.6 

49.5 

12.6 

12.0 

4.4 



116.9 


12-11-48 

II 

60* 




58 

12.9 

9.8 

6.3 



106.1 


25%—100 gm. 

III 

60* 

150 

116 

4.2 

51 

9.5 

6.3 

6.4 



102.5 


Dehydrated 

IV 

120 

149 

115 

4.2 

28.5 

3.4 

4.6 

3.8 



107.0 


J. 0. 

I 

120 

144 

US 


66 

15.2 

15.2 

4.0 





10-15-48 

II 

60* 

147 

115 


90 

15.3 

14.4 

6.9 





25%—50 gm. 

III 

60 




205 

10.7 

10.5 

4.7 






IV 

60 

144 

113 


158 

16.1 

16.6 

1.7 





J.O. 

I 

120 

141 

111 


150 

11.1 

15.4 

9.9 

22.2 

64.2 

132 

67.8 

10-20-48 

II 

63* 




161.4 

13.1 

13.9 

11.4 

21.4 

70.4 

123 

65.4 

25%—100 gm. 

III 

58* 

143 

112 


289.2 

6.3 

5.1 

6.7 

15.4 

41.4 

94 

48.7 


IV 

120 

144 

113 


292.5 

7.1 

4.9 

3.1 

16.1 

36.5 

112 

50.8 

J.O. 

I 

120 

142 

116 

4.2 

61 

11.6 

14.6 

7.0 

17.6 

54.8 

132.1 

58.5 

1-8-49 

II 

60* 




78 

8.5 

11.1 

12.1 

15.8 

57.0 

121.2 

54.7 

10%—100 gm. 

III 

60* 

144 

118 

4.2 

50 

6.5 

6.8 

7.0 

13.9 

40.9 

124.2 

48.3 


IV 

120 

145 

116 

4.2 

49 

10.3 

9.9 

3.0 

14.3 

40.9 

125.0 

49.8 

J. 0. 

I 

120 




58 

11.3 

13.1 






Control for 

n 

60* 




94 

19.6 

20.5 






1-8-49 

III 

60* 




126 

25.0 

26.3 







IV 

120 




145 

29.3 

29.2 






R. N. 

I 

120 

143 

109 

3.8 

95 

17.8 

16.8 

6.1 

13.1 

60.9 

108.5 

39.4 

1-13-49 

II 

60* 




97 

16.2 

14.6 

6.9 

13.2 

59.4 

110.5 

39.6 

25%—100 gm. 

III 

60* 

142 

110 

3.6 

70 

7.2 

6.6 

7.6 

10.9 

40.5 

102.3 

38.8 


IV 

120 

143 

108 

3.7 

71 

9.1 

7.9 

5.6 

Il.l 

40.5 

102.5 

39.1 


* Period of infusion. 


uresis of water occurred during the second hour 
of the infusion period and was always distinctly 
larger than the rate of excretion of water in the 
comparable period of the control study. This di¬ 
uresis was not associated with a significant increase 
in the clearance of endogenous creatinine. Al¬ 
though the rates of excretion of sodium and chlo¬ 
ride are also increased, they do not differ signifi¬ 
cantly from the rates of excretion of these ions in 
comparable periods of the control studies. The 


rate of excretion of potassium was increased when 
saline was the diluent for the albumin. The diu¬ 
resis of water was not dependent on a decrease in 
the concentration of sodium in the extracellular 
water since it occurred with both 5% glucose and 
normal saline as the diluent. 

In the post-infusion period there was a decrease 
in the rate of excretion of water and salt. This 
may be related to the fact that the large loss of wa¬ 
ter in the urine causes an increase in the concen- 
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TABLE IV 


\i)ifusion of hyperoncotic solutions of albumin on the concentrations of extracellular electrolytes, clearances, and 
of excretion of water and solutes in the urine in normal subjects with expanded extracellular volumes 




Period 

Duration 

Cone, in cxtraccll. H,0 

Rates of excretion in urine 

Clearance 

Na 

Cl 

K 

HiO 

Na 

Cl 

K 

Creatinin 

u^. 

V 


mtn. 

inEg/L 

i»E«/L 

HiEg/Z. 

«.//“ 

MsEg/i“ 

mEg/i’’ 

m£g/J“ 

cc.lmin. 

d n 

__ ‘ 

I 

249 

145 

118 

3.9 

60.7 

17.3 

15.6 

3.0 ! 

99 

■ ^ 

f13-50 

II 

116* 

148 

120 

3.9 

196.6 

43.3 

42.7 

3.2 

93.6 

25 \ 

—50 gm. 

III 

89t 

147 

120 

3.5 

357 

63.9 

; 60.8 

4.8 

97.8 



IV 

72 

148 

120 

3.8 

210 

37.3 

35.9 

2.8 

86 



V 

88 

146 

117 

3.6 

112.5 

26.4 

25.7 

! 2.5 

102 


B. B. 

I 

253 




37.5 

10.9 

9.3 

2.4 


Control for 

II 

123* 




155 

27.9 

27.3 

2.7 


2 

:-13-50 

III 

52t 




397 

54.5 

53 

4.8 




IV 

60 




525 

76.6 

77.2 

8.1 




V 

109 


1 

1 

1 161.8 

33.2 

i 33.5 

3.7 



A. 

I 

62 

147 

114 

! 

91.8 

10.5 

12.7 

6.5 

163 

12-14-49 

II 

117* 1 

148 

117 

4.0 

74.4 

12.1 

11.7 

3.4 

105.3 

2S.<? 

{)—50 gm. 

III 

56t 

146 

115 

3.8 

128.8 

21.8 

21.0 

4.2 

100 

■ 


IV 

63 

147 

118 

4.0 

123.9 

20.8 

19.2 

3.6 

97.2 



V 

118 

145 

US 

3.8 

92.6 

16.4 

16.5 

2.5 

97.4 

i 

A. 

I 

68 




68 

10.4 

14.2 

5.7 i 



ontrol for 

II 

119* 




88.2 

17.8 

20.6 

4.5 i 



[2-14-49 

III 

S4t 




138.6 

31.8 

32.2 

3.6 i 



1 

IV 

68 




113 

27.9 

27.5 

2.8 



1 

V 

119 




100.9 

27.2 

25.5 

2.6 



— 














yeriod of infusion of 2,500 cc. normal saline. 

Period of infusion of 200 cc. 25% albumin. 

Period of infusion of 200 cc. normal saline. 

V- ./dton of proteins in the serum similar to that ob¬ 
served with infusions of hyperoncotic solutions of 
albumin. 

Infusions of 1,500 cc, of a 4% solution of albu¬ 
min in saline containing 200 milli-units of a pos¬ 
terior pituitary preparation were unassociated 
with a diuresis of water, or any significant altera¬ 
tion in the rate of excretion of sodium, chloride, or 
potassium (Table VII). 

DISCUSSION 

A review of the previous investigations on the 
alterations induced in the composition and rate of 
flow of urine promoted by increasing the volume 
of the plasma reveals many seemingly conflicting 
results. Knowlton (1) and Podhradszky (14) 
reported a diminished rate of flow of urine with in¬ 
fusions of solutions of colloid in contrast to saline 
in rabbits and dogs. However, Metcalf (15) and 
Orloff and Blake (16) reported an increase in the 
rate of excretion of water in dogs in response to 
infusions of plasma and concentrated human serum 
albumin. 


Reports of the responses of the normal human 
subject to infusions of 25% salt-poor human albu¬ 
min are also at variance. Goodyer, Peterson, and 
Reiman (17) observed a reduction in the rate of 
excretion of water, sodium, and chloride with no 
significant change in the clearance of mannitol. 
More recently, Elkinton and his associates (2) 
described an increased rate of excretion of sodium 
in normal subjects with similar infusions. They 
also found no changes in the rate of glomerular 
•filtration as measured by the clearance of mannitol, 
inulin, or endogenous creatinine. Cargill (3) in¬ 
fused normal hypertensive and nephritic subjects 
rapidly with 25% albumin and reported an in¬ 
crease in the clearance of inulin and PAH. It is 
impossible, at this time, to reconcile these conflict- 
in’g results. 

There may be less variability in the reported re¬ 
sponses to iso-oncotic expansion of the plasma 
volume. Eggleton, Pappenheimer and Winton 
(4) compared the diuretic response in anesthetized 
dogs to an increase of glomerular filtration brought 
about by a 5 mm. Hg increase in capillary pressure, 


) 
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TABLE V 

The effect oj infusion of hyperoncotic solutions of albumin at night on the concenlralions of extracellular electrolytes, 
clearances, and rates of excretion of water and solutes in the urine 


Study 

' Period 

i Dura¬ 
tion 

Cone, in cjctracell. HiO 

1 Rates of excretion in urine 

Clearances 

Na 

1 

' Cl 

K 

HjO 

Na 

Cl 1 

K 1 

Urea 

Total 

mOsm. 

Creatin. 

Urea 



' mitf. 

mBqfL 

mEtIL 

mBq/Z, 

eejl* 

mEqU^ 

mEitl* 

mEaW 

mil/jo 

mM/J* 


cejmin. 

L. G. \V. 

I 

120 

143 

112 


58 

4.4 

4.3 

1.9 

15.1 

27.7 

121 

52,5 

10-25-45 

n 

59* 




60 

5.9 

2.8 

2.3 

15.1 ! 

31.5 

122 

52.6 

25%—100 gm. 

111 

61* 

144 

111 


336 

6.4 

2.1 

5.4 

18.0 

41.6 

' 120 

60.3 


IV 

120 

142 

113 


1 221 

4.9 

3.5 

2.6 

16.6 

31.6 

m i 

1 

57.6 

J. 0. 

I 

120 i 



4.5 

1 26 

4.8 

5.4 

3.2 

11.9 

27.9 

; 1 


2-1-49 1 

rr 

60* 1 

146 j 

112 j 


38 

6.0 

5.4 

3.9 

14.4 

34.2 



25%—100 gm. 

HI 

60* 

145 

111 

4.1 

40 

4.7 

2.0 

4.0 

16.2 

33.6 




IV ; 

120 

144 1 

112 1 

4.1 

70 

2.5 

1.9 


15.6 

j 

24.4 



J. O. 

I 

120 




23,5 

2.6 

3.7 

\ 2.6 





Control for 

II 

60* 




46 

6.9 

7.4 

1 4.8 





2-1-49 

111 

60* 




30 

3.7 

3.2 

' 2.3 






IV 

120 




24 

3.0 

I 2.0 

2.1 






* Period of infusion. 


TABLE VI 

The effect of infusion of hypo- and iso-oncotic solutions of albumin on the concentrations of extracellular electrolytes, 
clearances, and rates of excretion of water and solutes in the urine 


Study 

Period 

Dura¬ 

tion 

Cone, in extracell. HiO 

Rates of excretion in urine 

Clearances 

Na 

Ci 

K 

H>0 j 

Na 

CI 

K 

l/rea 

Total 

mOsm. 

Creatin. 

Urea 



min. 

mEqlL 

mEqfL 

mEqlL 

cc./i* 

mEg/J” 

mEgU* 


mMH'’ 

mUH'^ 

cc.lmin. 

cejmin. 

L. G. W. 

I 

120 

[ 146 

115 

4.4 

60.5 

10.3 

13.4 

4.2 

15.0 

44.0 

I22.I 

49.2 

1-12-49 

II 

60* 




220 

20.8 

22.9 

9.9 

19.3 

80.7 

128 

65.8 

4% albumin 

III 

60* 

148 

121 

4.4 

810 

41.4 

39.2 

10.4 

17.0 

120.6 

124.5 

58.1 

in saline 

IV 

120 

150 

122 

4.4 

208.5 

31.2 

33.7 

7.6 

14.4 

92.0 

115.5 

50.5 

L. G. W. 

I 

120 

147 

111 

1 4.6 

[ 68 

14.2 

15.3 

5.1 





2-17-49 

II 

60* 



1 

I 241 

17.0 

17.3 

9.9 





5% albumin 

III 

60* 

148 

115 

4.0 

460 

24.3 

I 22.7 

10.3 




1 

in saline 

IV 

120 

149 

115 

4.3 

i 200 

20.3 

21.6 

7.3 




i 

L. G. W. 

I 

120 

' 152 

112 

3.8 

! 50.5 

10.9 

' 13.8 

4.1 





2-24-49 

II 

60* 




90 

' 17.1 

17.2 

7.7 





6% albumin 

} III 

60* 

1 151 

116 

3.9 

1 570 

1 30.9 

t 24.2 

\ 9.6 


I 



in saline 

' IV 

120 

> 154 

‘ 118 

3.9 

^ 177.5 

! 11.5 

' 13.9 

5.6 





L. G. W. 

I 

120 

i 



61 

11.8 

10.8 

3.7 





Control for 

II 

60* 




1 220 

1 22.5 

1 22 

5.6 





4%, 5%, 6% 

III 

60* 




208 

! 30.3 

30.3 

5.4 





albumin 

IV 

120 




! 282 

[ 49.6 

54.8 

10.2 





J.O. 

I 

120 

148 

116 

4.1 

i 

■ 41 

I 7.6 

7.2 

2.3 

16.9 

36.7 

123 


1-22-49 

11 

60* 

142 

109 

3.5 

145 

! 10.3 

9.0 

3.7 

22.2 

50.2 

121 


4% albumin 

III 

60* 

143 

110 1 

3.3 

1 900 

1 9.3 

! 5.1 

3.5 

21.9 

47.5 

129.1 


in 5% glucose 

IV 

120 i 

146 j 

112 1 

4.1 

’ 300 

10.5 

9.1 

2.5 

17.5 

43.5 

110.5 


J.O. 

I 

120 

146 

114 1 

4.6 

40 

1 7,1 

8.5 

5.3 





Control for 

II 

60* 

138 1 

111 

4.1 

45 

' 7.4 

8.6 

5.9 





1-22-49 

III 

60* 

139 1 

112 

4.2 

240 

6.6 

5,9 

2.7 






IV 

120 

141 1 

. 112 

4.2 

173 

1 

1 

12.6 

4.0 






* Period of infusion. 

Total volume of infusions—L. G. W.: 2,280 cc.; J. O.: 1,875 cc. 
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TADLE VII 

Tfie effect of infusion of hypo-oncotic solutions of albumin on the concentrations of extracellular electrolytes, clearances, and 
rates of excretion of water and solutes in the urine under the influence of exogenous posterior pituitary hormone 


Study 

Period 

Dura¬ 

tion 

Cone, in e.xtracell. HsO 

Rates of e.xcretion in urine 

Clearance 

Na 

Cl 

K 

IhO 

Na 

Cl 

g 

Urea 

Total 

mOsm. 

Creatinine 



i min. 

mEqlL 

mEqlL 

mEq/L 

ec./J'^ 

mEqir 

mEqir 

rnEqli” 



cc.lmin. 

B. 

I 

119* 

142 

117 

\ 4.0 

79.2 

17.6 

18.4 

9.5 

20.9 i 

75.1 

105 

6-5-50 

II 

54 


! 


53.3 

12.2 

12.3 

4.6 

13.6 

67.2 

103 


1 III 

56 

142 

! 116 

3.8 

48.2 

12.4 

12.6 

3.5 

12.5 

44.3 

85 

B, 

I 

116t 



i 

80.2 

18.4 

20.9 

8.3 

21.5 

74.9 


Control for 

II 

60 




65 - 

16.1 

17.2 

5.0 

16.6 

58.8 


6-5-50 

III 

57 




89.5 

24.1 

23.9 

4.5 

1 

20.4 

77.6 


S. 

I 

57* 

141 

116 

4.1 

65.2 

11.8 

11.7 

9.7 

12.8 

55.8 

99.2 

6-5-50 

II 

61* 

141 

117 

3.9 

65.9 

14.9 

10.7 

8.2 

12.0 

58.2 

104 


III 

61 




56.0 

14.7 

12.5 

4.9 

13.1 

52.3 

99.6 


IV 

55 

142 

117 

4.1 

306 

13.5 

14.4 

4.5 

19.1 

55.1 

95.5 

S. 

I 

61t 




88.5 

23.9 

21.2 

7.9 

16.3 

79.9 


Control for 

11 

60t 




95.0 

31.4 

26.9 

6.6 

16.6 

90.6 


6-5-50 

III 

65 




83.0 

28.0 

33.1 

4.2 

15.3 

79.7 



IV 

51 




241 

26.5 

26.8 

4.9 

18.9 

81.7 



* Period of infusion of 1,500 cc. 4% albumin in normal saline with 200 milli-units post, pituitary hormone, 
t Period of infusion of 1,500 cc. normal saline with 200 milli-units post, pituitary hormone. 


and the equivalent increase in filtration induced by 
lowering the colloid osmotic pressure of the plasma. 
The infusion necessary to reduce the colloid os¬ 
motic pressure, of course, also increased the vol¬ 
ume of the plasma and interstitial fluid. The diu¬ 
resis induced by dilution was 15 times as great as 
that induced by the equivalent change in capillary 
pressure. They concluded that the dilution pro¬ 
moted specific changes in renal tubular function 
resulting in a decreased reabsorption of water. 
Wilson and Harrison (5) studied the effects of 
rapid infusions of 900-1,955 cc. of reconstituted 
human plasma in normal subjects. They observed 
an increase in the clearances of PAH and creati¬ 
nine and a diuresis of water. The clearance of 
creatinine can hardly serve as a measure of the rate 
of glomerular filtration in this study since plasma 
levels were increased to 12-20 mgm.% by injec¬ 
tion of this substance. Despite this, in three sub¬ 
jects to whom the infusions were administered 
more slowly {i-s.j 22.5-30 cc./min.) there was a 
diuresis of water in two with no alteration in the 
clearance of creatinine. 

It is clear that the manner in which the volume 
of the plasma is increased and other more subtle 
variations may condition the response to this al¬ 
teration in terms of the rates of excretion of water 
and electrolytes. In the present study there was a 


decrease in the rate of excretion of sodium, and 
sometimes water, in normal subjects when the 
plasma volume was expanded with concentrated 
solutions of albumin. These changes were not re¬ 
lated to alterations in the rate of glomerular filtra¬ 
tion as measured by the clearance of endogenous 
creatinine. An increase in the volume of the 
plasma achieved in this manner is, of course, as¬ 
sociated with a contraction of the interstitial fluid 
volume and a rise in the colloid osmotic pressure 
of the plasma. In contrast to normal subjects, pa¬ 
tients with the edema of the nephrotic syndrome 
(10-13) respond with increased rates of excretion 
of water and salt with this type of infusion despite 
the same changes in plasma volume, colloid os¬ 
motic pressure, and decrease in the volume of the 
interstitial fluid. There are, to be sure, quantita¬ 
tive differences in these alterations in the two 
groups. The volume of the interstitial fluid is 
contracted to an even greater extent and the in¬ 
crease in colloid osmotic pressure of the plasma is 
thereby mitigated in the edematous subjects. This 
is clearly demonstrated by comparing the increases 
in plasma volume expressed as cubic centimeters 
of plasma volume increase per gram of albumin 
infused in the two groups of subjects. The average 
increase was 20.6 cc. in the edematous patients 
(13), 13.2 cc. in the present study, and 9 cc. in the 
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studies of Goodyer, Peterson, and Reiman (17). 
Prior expansion of the extracellular volume with 
physiological saline in normal subjects did not 
modify the responses to infusions of hyperoncotic 
solutions of albumin; in these studies the average 
increase in plasma volume was 11.6 cc. per gm, 
of infused albumin. It seems unlikely, therefore, 
that the volume of the interstitial fluid per se in¬ 
fluences the rates of excretion of sodium or water. 

The question must be seriously raised as to 
whether a rise in plasma colloid osmotic pressure 
may be a stimulus for an increase in the reabsorp¬ 
tion of salt and water by the renal tubules. Under 
ordinary circumstances an increase in the colloid 
osmotic pressure of the plasma is a reflection of de¬ 
hydration associated with hemoconcentration. 
Greiner and Podhradszky (18) have suggested that 
a rise in plasma colloid pressure might activate the 
osmoreceptor mechanism of the supra-opticohy- 
pophyseal system. However, it is quite likely that 
the receptor organ for the posterior pituitary gland 
lies in an extravascular position. Moreover, if it 
were within the vascular tree it would be difficult 
to conceive that the minor contribution to a change 
in total osmotic pressure afforded by small vari¬ 
ations in protein concentration could significantly 
influence this receptor. In addition, an antidiuresis 
does not always follow an infusion of a hyperon¬ 
cotic solution of albumin, and when it does there is 
a reduction in the total milli-osmolar concentration 
of the urine. This is quite unlike what is observed 
with the antidiuresis promoted by the hormone 
of the posterior pituitary gland (19). 

It is intriguing to speculate that a receptor or¬ 
gan lying within the vascular tree with the same 
characteristics of permeability as the endothelium 
could be specifically stimulated by the colloid 
(oncotic) pressure. Such an organ might be 
termed an ojico-receptor. If the response to stimu¬ 
lation of such a mechanism were an increased reab- 
sorption of sodium by the renal tubules, an in¬ 
creased reabsorption of water might follow as a 
consequence. 

The retention of sodium and chloride associated 
with infusions of concentrated albumin appears not 
to be mediated through the action of the adrenal 
cortex. Subject R.N. is a patient with Addison’s 
disease of 12 years’ standing. He did not respond 
with an eosinopenia nor an increase in the excre¬ 
tion of 17-ketosteroids in the urine following large 


doses of ACTH. An infusion of 25% albumin was 
associated with a distinct decrease in the rates of 
excretion of sodium and chloride in this patient 
(Table III). 

There was no decrease in the rates of excretion 
of sodium associated with the infusion in normal 
subjects of hyperoncotic solutions of albumin in 
the evening studies (Table V). The rates of ex¬ 
cretion of sodium and chloride in the control period 
were lower in the evening than in the morning 
studies, which is a reflection of the diurnal variation 
in mineral excretion (20, 21). There is, as yet, 
no valid explanation for the diurnal variation. 
However, this difference in response to an infu¬ 
sion of concentrated albumin at tivo different times 
of day emphasizes the importance of controlling 
this factor in studies involving the metabolism of 
electrolytes and water. 

The increase in plasma volume associated with 
infusions of hypo- and iso-oncotic solutions of al¬ 
bumin promoted a striking augmentation in the 
rate of excretion of water with no essential change 
in the rates of excretion of sodium and chloride, 
when compared with the control studies. There 
is no evidence in these studies that this diuresis 
need be associated with an increase in the rate of 
glomerular filtration. Moreover, the diuresis of 
water was independent of the concentration of so¬ 
dium in the serum and the rate of excretion of this 
ion. The fact that there was an antidiuresis fol¬ 
lowing an infusion of a liter of 10% albumin mili¬ 
tates against the possibility that the diuresis ob¬ 
served with hypo- and iso-oncotic solutions of al¬ 
bumin is due to a dilution of circulating posterior 
pituitary antidiuretic hormone. The lack of a diu¬ 
resis associated with infusions of 25% and 10% 
solutions of albumin rejects the possibility that the 
albumin might inactivate pituitary antidiuretic 
hormone. 

There remain two alternative explanations. An 
expansion of the plasma volume unassociated with 
any other measured alteration may be a direct stim¬ 
ulus for decreased reabsorption of water by the 
renal tubules, or it may, in some manner, suppress 
the production of antidiuretic hormone by the 
posterior pituitary gland. The absence of the usual 
diuretic response to an infusion of a hypo-oncotic 
solution of albumin when exogenous posterior pitu¬ 
itary hormone is incorporated in the infusate is 
compatible with the latter explanation. 
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It may be possible to explain the different re¬ 
sponses in the excretion of water and salt to in¬ 
fusions of hyperoncotic solutions of albumin in the 
normal subject and the patient with the nephrotic 
syndrome. The response to expansion of the 
plasma volume per se appears to be a diuresis of 
water. However, when the expansion of the 
plasma volume is achieved in the normal subject 
with a hyperoncotic solution of albumin, the diure¬ 
sis of water is prevented, perhaps, by the associated 
increase in colloid osmotic pressure of the plasma 
which promotes an increased reabsorption of so¬ 
dium, and consequently, water. In the nephrotic, 
on the other hand, the increase in plasma volume 
is greater, the rise in colloid osmotic pressure is 
thereby mitigated, and since tubular reabsorption 
of sodium is already nearly maximal, it can not be 
enhanced. Since tubular reabsorption of sodium 
can not be increased very much, the stimulus for 
water diuresis afforded by the expanded plasma 
volume is not inhibited. 

In another investigation (13) it was demon¬ 
strated that the increase in the rate of excretion of 
sodium in the nephrotic associated with the infu¬ 
sion of a hyperoncotic solution of albumin occurred 
when the concentration of sodium in the extra¬ 
cellular water was increased as a consequence of 
the initial diuresis of water. The diuresis of water 
in the normal subject associated with infusion of 
an iso-oncotic solution of albumin is not followed by 
an increase in the rate of excretion of sodium. 
This may result from the fact that the large ex¬ 
cretion of water causes an increase in the concen¬ 
tration of protein in the serum. This rise in col¬ 
loid osmotic pressure promotes an increase in the 
tubular reabsorption of sodium and secondarily 
terminates the diuresis of water. 

The present investigations are obviously incon¬ 
clusive concerning the mechanisms responsible for 
the observed responses to infusions of hyper- and 
iso-oncotic solutions of albumin. Further work is in 
process in an attempt to define these mechanisms. 
The working hypotheses are that uncomplicated ex¬ 
pansion of the plasma volume initiates a diuresis 
of water by suppressing the activity of the posterior 
pituitary gland, and that an acute increase in the 
colloid osmotic pressure of the plasma leads to an 
increase in renal tubular reabsorption of sodium 
through some unknown mechanism. 


SUMMARV AND CONCLUSIONS 

1. The intravenous administration of hyper¬ 
oncotic solutions of albumin to normal human sub¬ 
jects in the morning results in a decreased rate of 
excretion of sodium and chloride which is some¬ 
times associated with a decreased rate of excretion 
of water. 

2. The decrease in rates of excretion of sodium 
and chloride is due, presumably, to an increase in 
renal tubular reabsorption of these ions, since 
there were no significant alterations in the clear¬ 
ance of endogenous creatinine. This increase in 
renal tubular reabsorption of salt is apparently 
not mediated via the adrenal cortex, since it was 
clearly observed in a subject with well validated 
Addison’s disease. 

3. The increase in plasma volume resulting from 
infusions of hyperoncotic solutions of albumin is 
derived from the interstitial fluid. However, the 
magnitude of the increase in plasma volume is not 
sufficient to prevent a significant increase in the 
concentration of albumin in the serum. The re¬ 
sultant increase in colloid osmotic pressure of the 
plasma may be the stimulus that promotes the in¬ 
creased reabsorption of sodium and chloride. An 
increase in oncotic pressure could be an effective 
stimulus if there were an onco-receptor which re¬ 
sided within the vascular tree. 

4. These phenomena are not observed when the 
infusions of hyperoncotic solutions of albumin are 
administered in the evening. The differences be¬ 
tween the morning and evening studies may be re¬ 
lated to the diurnal variation in the rates of excre¬ 
tion of water and electrolytes. The modifying 
influence of the time of day on these experiments 
emphasizes the importance of considering the vari¬ 
ous circumstances that may condition a response 
with respect to the metabolism of electrolytes and 
water. 

5. Experimentally induced expansion of the 
extracellular volume by approximately 2 liters 
does not modify the responses to the infusion of a 
hyperoncotic solution of albumin. 

6. Infusion of iso- and hypo-oncotic solutions 
of albumin promotes a striking diuresis of water 
with no alteration in the rate of excretion of salt 
or clearance of endogenous creatinine. This di¬ 
uresis appears to be due to a decreased reabsorp¬ 
tion of water in the renal tubule. It is suggested 
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that simple iso-oncotic expansion of the plasma 
volume suppresses the secretion of the posterior 
pituitary antidiuretic hormone. 
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INTRODUCTION 

The status of the serum proteins both in health 
and disease has been extensively studied in the 
hope that data might be assembled which would 
contribute to knowledge of the pathogenesis of 
many diseases, aid in the classification of the meta¬ 
bolic alterations induced by pathological states, be 
of use in early diagnosis or differential diagnosis, 
and serve as a rationale for improved supportive 
therapy (1). Ever since glutathione was isolated 
from yeast by Hopkins (2), increasing attention 
has been devoted to studies of the role played by the 
sulfhydryl group in enzyme activity (3-6), cell 
division and growth (7, 8) and protein structure 
(9-11). 

Because of the importance of its biochemical as¬ 
sociations, an investigation of the sulfhydryl group 
was undertaken as part of a program for the study 
of the mechanism of action of various chemical 
agents on the growth and viability of normal and 
malignant cells. Blood was selected initially for 
this study because, a) to a certain extent, it is in 
equilibrium with and reflects the status of other 
body tissues; &) it has been exhaustively studied; 
and c) a uniform sample can be obtained from an 
individual. 

A preliminary study showed that the sulfhydryl 
content of the serum protein from normal indi¬ 
viduals was relatively constant, and the distribu¬ 
tion was within a narrow range. The values were 
reduced when the sera from patients suffering from 
neoplastic, infectious or metabolic diseases were 
similarly examined (12). The relationship of the 
serum protein components to their content of sulf¬ 
hydryl groups was then examined. The sulf- 

1 This investigation was conducted under a grant from 
tlie American Cancer Society to the Department of Pre¬ 
ventive Medicine, The Johns Hopkins University School 
of Medicine, recommended by the Committee on Growth 
of the National Research Council. 


hydryl content of normal serum, serum albumin, 
and serum globulin was determined with respect 
to the total nitrogen and peptide content of these 
fractions (13). These determinations revealed 
that normal serum and its fractions could be dis¬ 
tinguished by characteristic relationships between 
the sulfhydryl group and the total nitrogen or 
the number of peptide bonds in the proteins. The 
present report will describe similar observations 
on sera from patients with various diseases. 

METHODS AND MATERIALS 

The details for obtaining the serum sample, storage, 
fractionation, nitrogen analysis, biuret analysis, sulfhydryl 
determination and calculations have been published (13). 
In summary, the procedures employed were: 

1. Blood was obtained from patients in the fasting state 
and the serum carefully separated to avoid hemolysis. 
The serum was either examined in the fresh state soon 
thereafter or stored at minus 78° C until analyzed. 

2. The serum was fractionated according to the method 
of Pillemer and Hutchinson (14). 

3. The protein content of the serum and the albumin 
and globulin components were determined by the Kjeldahl 
nitrogen and biuret methods. The term D, when employed, 
refers to the optical density in the biuret method. Elec¬ 
trophoretic analyses were also performed in veronal buf¬ 
fer pH 8,6, 0.1 ionic strength, employing a modified Longs- 
worth apparatus. The descending mobility was routinely 
employed except as noted with individual sera. Com¬ 
ponents migrating with a mobility of 2.0 to 2.5 X lO"’ cm’/ 
scc'VvoIf’ have been designated as M protein. Sera which 
contained pigment, lipid or other interfering components 
which rendered them unsuitable for electrophoretic analy¬ 
sis are not included. No attempt was made to remove 
these interfering substances by filtration, extraction, freez¬ 
ing, etc. They are designated as unsatisfactory samples 
or not done. 

4. The sulfhydryl determinations were made by am- 
perometric titration in 21% methanol solution containing 
ammonium nitrate and ammonium hydroxide as support¬ 
ing electrolytes. The current which flowed between a 
mercury-mercuric iodide electrode and a rotating platinum 
electrode was measured with a sensitive galvanometer. 
Duplicate determinations on individual sera showed less 
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than a 2% variation. The results are expressed as micro¬ 
moles of sulfhydryl (SH). One ml. of .001 N silver ni¬ 
trate is equivalent to 1 micromole of SH. 

The sulfhydryl content of tlie serum and its constitu¬ 
ents is c-xpressed as follows: 

a) T/ie sulf/iydryl content of the total protein in 100 ml 
whole scrum or of the albumin and globulin components 
contained in that volume. 

b) The sulfhydryl content per gram of Kjeldahl nitro¬ 
gen obtained employing whole serum, albumin, or globulin 
fractions. No correction was made for the serum N.P.N., 
as among the normals the latter represented approximately 
3 % of the total nitrogen and, even in the abnormal states 
studied, the final values (with few exceptions) were not 
apparently influenced by such correction. 

c) The sidjhydryl content per unit of optical density 
with a biuret method. This has been utilized to character¬ 
ize the protein with respect to its peptide content. The 
total nitrogen determination measures peptide nitrogen, 
non-peptide amino acid nitrogen such as e amino, imidazole, 
or guanidinium nitrogen as well as the non-protein nitro¬ 
genous constituents of serum. The quantitative biuret de¬ 
termination is influenced only by the number of nitrogen 
atoms bound in peptide linkage. Human serum albumin 
has been found to contain approximately S77 peptide bonds 
per mole (IS). The S86 amino acids probably exist as nine 
polypeptide chains each of which contains approximately 
65 amino acids. These polypeptide chains lie adjacent to 
each other and are bound to each other by various types 
of cross linkages, one of which presumably yields the suif- 
hydryl group when the albumin molecule is titrated am- 
perometrically. We have found that serum albumin from 
normal individuals contained 0.71 mole of SH per mole 
of albumin. This was believed to represent the mean re¬ 
sulting from the presence of a mercaptalbumin containing 
1 mole of (SH) sulfhydryl per mole of protein and an 
albumin molecule containing no amperometrically detec¬ 
table sulfhydryl (13). We wish to emphasize that it is 
easier to detect a quantitative change in the single sulf¬ 
hydryl group per albumin molecule than greater changes 
in the 577 peptide bonds. Thus, the functional significance 
of a single sulfhydryl group for enzyme activity may be 
related to the importance of this group in protein struc¬ 
ture (5). For these reasons, it was decided to study the 
relationship of the sulfhydryl content of the serum pro¬ 
teins with respect to their total nitrogen and peptide 
content. Electrophoretic analyses provide information 
with respect to the relative distribution of the recognized 
major protein components of sera. 

RESULTS 

The normal values for the serum protein sulf¬ 
hydryl content have been presented in detail. No 
significant difference with respect to age or sex was 
observed (13). In order to compare the data from 
patients to be described, a summary of the normal 
values is presented in Table I. The variation 


among these normal individuals was quite small as 
indicated by the range and the standard error for 
these determinations. The results of the prelimi¬ 
nary survey of patients’ sera are summarized in 
Table II (12). While the sulfhydryl values dif¬ 
fered significantly from the normal, no differential 
characteristic for the individual groups was ap¬ 
parent. 

It was therefore deemed desirable to investigate 
a group of patients more intensively so as to estab¬ 
lish the nature of the sulfhydryl abnormalities ob¬ 
served. Because of individual variation in disease, 
it did not appear feasible to treat the observations 
in this series statistically. Each observation will be 
presented in detail. The data on the various 
classes of patients whose sera were subjected to 
such detailed analysis are recorded in Tables III- 
VI. 

Malignant Tumors 

In Table III, the individual determinations on 
11 patients with malignant tumors are presented. 
The diagnosis in all cases was established by bi¬ 
opsy, operation, and in some cases by autopsy. 
Nine of the 11 patients had evidence of carcinoma 
with multiple metastatic involvement. One pa¬ 
tient (No. 9) had a rhabdomyosarcoma with pul¬ 
monary metastases and one (No. 3) had a car¬ 
cinoma localized to the breast. The sera were ob¬ 
tained more than two months before exitus with 
the exception of the second specimen from patient 
4, dated 5/13/49, and that from patient 10, dated 
7/12/49, which were drawn within one week pre¬ 
ceding their death. 

As may be noted in Table III, and subsequent 
tables, the total nitrogen content of the serum pro¬ 
tein is a poor index of the relative concentrations of 
albumin and globulin. The total nitrogen content 
did not deviate markedly from the normal, although 
the individual albumin and globulin values were 
distinctly abnormal (col. 4). The albumin con¬ 
tent was below normal in the sera of all patients 
except one (patient 8,12/12/49). The sulfhydryl 
determination on the unfractionated serum, un¬ 
like the total nitrogen values, was reduced in al¬ 
most all instances (col. 5). The two exceptions 
were serum obtained on 6/8/50 from patient 9, 
while in an A-Methopterin induced remission, and 
the serum from patient 11 with a melanocarcinoma. 
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TABLE I 

Sunmary of normal serum protein and sulfhydryl values 


DETEHMINATIOS 

HALES 


FEMALES 



range 

MEAN i 

1 S.E. 

RANGE 

KEAN ♦ 

1 S.E. 

TOTAL M AS Gr. 

PER 100 ffll SEBUM 
SERUM 

( 1 . 09 - 1 . 26 ) 

1.20 

.02 

( 1 . 13 - 1 . 24 ) 

1.18 

.01 

ALBUMIN 

(. 6 U-. 78 ) 

.71 

.01 

(.65-. 73 ) 

.69 

.01 

GLOBULIN 

(. 17 -. 51 ) 

.45 

.02 

(. 40 -, 54 ) 

.47 

.01 

MICROMOLES SH 

PER 100 ml SERUM 
SERUM 

( 52 . 0 - 59 . 0 ) 

53.9 

.7 

( 48 . 8 - 55 . 8 ) 

52.6 

.7 

ALBUMIN 

( 39 . 6 -^ 7 . 8 ) 

44.9 

.9 

( 40 . 1 - 47 . 4 ) 

43.9 

.8 

GICBULIN 

( 9 . 2 - 12 . 1 ) 

10.9 

.4 

( 9 . 9 - 12 . 5 ) 

10.8 

•3 

MICROMOLES SH 

PER GRAM N. 

SERUM 

(J* 2 . 2 .i* 7 . 7 ) 

45.1 

.7 

(39.3-47.3) 

44.3 

.8 

ALBUMIN 

( 59 . 5 - 69 . 1 *) 

63.6 

1.0 

(59.0-67.2) 

64,0 

.8 

GLOBULIN 

(22,2-27.1) 

2U.6 

.5 

( 21 . 0 - 26 . 0 ) 

23.2 

.5 

D* PER mg N 







SERUM 

(.228-.258) 

.243 

.003 

(.233-.261) 

.243 

.003 

ALBUMIN 

(.23U-.261) 

.244 

.003 

(.231..256) 

.239 

.003 

GLOBULIN 

(.254-.290) 

.265 

.004 

(.258-.282) 

.267 

.003 

MICROMOLES SH PER 
D* PER 100 ml 

SEBUM 







SERUM 

(.164-.198) 

.166 

.004 

(.165.. 203 ) 

.181 

.004 

ALBUMIN 

(.237. .281) 

.261 

.006 

(. 248 -. 283 ) 

.266 

.004 

GLOBULIN 

(.085-.101) 

.093 

.002 

(.081-.098) 

.088 

.006 

ALBUMIN-GLOBULIN 

RATIO 







KJELDAHL 

BIURET 

( 1 . 26 - 1 . 97 ) 

( 1 . 26 - 1 . 84 ) 

1.61 

1.48 

.08 

.07 

( 1 . 22 - 1 . 83 ) 

(1.09-1.60) 

1.47 

1.12 

.06 

.05 


V : OPTICAL PSNSITY FOP THF BIURET (FEFTIDS) DETERMIKATIOff 


TABLE 11 

Summary of values for serum sulfhydryl in patients with disease 


DISEASE 

NO. OF 

/^MOLES SH /100 jal ^UM 

/i MOLES SH/G. 

NITROGEN 



iitmauiiif- ' rahge 

ATIONS 

KEAN t 

1 S.D. 

' RANca: 

MEAN * 

1 S.D. 

1 . CANCER 

46 

25.3 - 43.6 

35.4 

1.9 

22.1 - 35.6 

3 i .7 

. 4.0 

2 . LEUKEMIA 

34 

20.4 - 47.0 

37.7 

5.4 

. 

— 

«•••» 

3. INFECTION 

13 

28.7 - 50*0 

41.6 

5.2 

24.1 - 42.7 

34.4 

5.0 

4 , DEXaaiERATIVE 
DISEASE 


24.0 - 49.6 

40.7 

7.8 

21.0 - 38.0 

31.8 

6.1 

5. MISCELLANEOUS 12 

8.6 - 37.5 

22.3 

7.5 

8.4 - 33.5 

22.8 

8.0 

1 . CARCINOMA, 

SARCOMA, 

KELANOCARCINOMA, 

ETC. 






2. LEUKEMIA AHD OTHER LYMPHOMAS. 

3 . IKFECTIOK mCUItED LOBAR PNEUMOIOA, ATYPICAL PKEUMONIA, TUBERCULOSIS, MEHIMGITJS, 
MEASLES, ETC. 

* t 

k. DECEHERATIVE DISEASE IKCLUnSB ASTHMA, DIFFUSE ARTERIOSCLEROSIS WITH HYEEBTEHSIOH, 

hypertrophic arteritis, ard gout. 

5 . CIRRHOSIS OF THE LIVER, CHROiac NEPHRITIS, ACUTE LUPUS ERYTHEMATOSUS DISSEMEKATA, 
EEMACEROMATOSIS, IN WHICH ABNORMAL AXBUMIK AND OLOBULUI PATTERNS WERE IRESENT. 



Protein, sulfhydryl and electrophoretic data of sera from patients with carcinoma 

s _ 6 _ _JL.- r—. --— 

/YmOLES SH per AHOIES per 0. IK. PER mg MITROOEH »__ 
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These totals do not reflect the source of the sulf- 
hydryl value since the latter is a resultant of the 
albumin and globulin values. The only value for 
the albumin sulfhydryl which was in the normal 
range was that of patient 11. The further analysis 
of the albumin sulfhydryl with respect to micro¬ 
moles of SH per gram of nitrogen or peptide unit 
(cols. 6 and 8; Figure 12) showed that there was 
a qualitative change in the composition of the se¬ 
rum albumin among many of these patients with 
malignancy. Most of the values were reduced, 
three were in the normal range, and one was above 
normal. When the peptide per mg nitrogen (col. 
7) in this group was similarly examined, there 
was no distinctive abnormality noted even among 
those patients whose SH (expressed as micromoles 
per gram nitrogen [col. 6] or per peptide unit 
[col. 8]) was low. This implied that the protein, 
with respect to its nitrogen and peptide content, 
was not significantly different from the normal. 

The globulin fraction of the serum as separated 
by the Pillemer fractionation was normal or in¬ 
creased in this group (col. 4). When the SH 
per gram of globulin nitrogen was calculated, sera 
8b and 11 were high, samples 1, 4a, 7a and 9b ap¬ 
proximated normal and the remainder were re¬ 
duced in a varying degree from the normal (col. 6). 
When the SH was expressed per unit peptide, the 
sera of most patients showed a sub-normal ratio 
(col. 8). The sera from two patients (8b and 11) 
showed an increased ratio while in one patient 
(No. 5), the SH, although low when expressed per 
gram of nitrogen, was normal when expressed per 
unit peptide. With the exception of one markedly 
increased value (patient 4a), the ratio of peptide 
per mg of nitrogen (col, 7) in this group was 
within the normal range. 

Electrophoretic analysis of these sera from pa¬ 
tients with malignancy showed no apparent cor¬ 
relation between the sulfhydryl values and the dis¬ 
tribution of the serum components. As has been 
noted in previous studies on sera from such indi¬ 
viduals, the albumin component was uniformly re¬ 
duced while the alpha globulins were usually ele¬ 
vated (16). Among normal individuals, the al¬ 
bumin-globulin ratios obtained by the Pillemer and 
electrophoretic procedures agreed. When these pa¬ 
tients’ sera were analyzed, discrepancies were found 
the albumin-globulin ratios calculated 


on the basis of the Pillemer fractionation and the 
electrophoretic analysis. The differences between 
ratios determined by the Kjeldahl and the biuret 
method were small. Plowe protein fractionation 
of these sera yielded albumin-globulin ratios which 
were all greater than 1.0 (1.5-2.0) with only one 
patient in the low range of 1.2 (Figures 1 and 2). 

Multiple Myeloma 

Eight patients with diagnosis of multiple mye¬ 
loma confirmed by bone marrow aspiration, biopsy 
and/or autopsy have been studied. Five were 
males and three were females. Their ages varied 
from 48 to 67 years. All had evidence of diffuse 
bone involvement on roentgen examination. 

Detailed examination of the sera obtained from 
these patients is summarized in Table IV. The 
albumin nitrogen was subnormal in all patients 
while the globulin was markedly elevated in seven 
and normal in one. The sulfhydryl content of the 
serum was markedly reduced in six patients, nor¬ 
mal in one, and above normal in another patient 
(col. 5). The micromoles of albumin sulfhydryl 
were reduced far below normal in all and non- 
detectable in one case (col. 5). The globulin SH 
varied from subnormal to markedly increased val¬ 
ues. The micromoles of SH per gram of protein 
nitrogen (col. 6) were low in the sera of all pa¬ 
tients. With a single exception (patient 2), the 
same was true of the albumin SH per gram of ni¬ 
trogen. The SH per gram of globulin nitrogen was 
reduced in six and above normal in two instances 
(Nos. 2 and 5). These same relationships were 
noted for the SH per unit of albumin and globulin 
peptide (col. 8). No characteristic change in the 
two sera with high SH values was observed when 
the peptide per mg of nitrogen of the albumin and 
globulin components was examined (col, 7). 

One serum (No. 2), with a high SH per gram 
nitrogen or per peptide unit in both albumin and 
globulin fraction, appeared to differ on this de¬ 
termination from the other cases in this^ group. 
Its electrophoretic pattern was characterized by 
an extremely low albumin content and a globulin 
fraction which contained 22^o of the total protein 
as M protein and 57 % as gamma globulin. ow 
ever, this electrophoretic distribution w^ not 
markedly different from that of other sera m this 
series, the sulfhydryl values of which were ow. 
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14 9 5 59 


Fig. 1. Normal Electrophoretic Pattern Obtained 
WITH THE Apparatus and Method Described 
(Current—15.2 milliamps., time—9,960 seconds) 


It is of interest to note that of seven patients 
whose sera were analyzed electrophoretically, the 
sera of four showed the presence of M protein. 
The serum of one of these four patients contained 
no gamma globulin. The sera of six of the seven 


I-► 

M p alb. 

% 56 8 10 6 20 

Fig. 3. Patient 1, Table IV, Serum 12/8/49 —Multi¬ 
ple Myeloma with M Protein 
(Current— 15.1 milliamps., time— 10,800 seconds) 

patients showed a high proportion of either M pro¬ 
tein or gamma globulin. The serum of patient 6, 
which did not show a high content of M protein or 
gamma globulin, was found to have sulfhydryl val¬ 
ues for albumin and globulin which were in the low 
range (Figures 3-5). 

The ratio of albumin to globulin was low in the 


I 


I 



P alb. 

% 22 16 10 6 46 

Fig. 2. Patient 11, Table III —Melanocarcinoma 
WITH Elevated Sulfhydryl Values in the Protein 
Components 

(Current— 15.1 milliamps., time— 10,800 seconds) 



er P *<2 ®<iAlb. 

% 50 8 9 8 25 

Fig. 4. Patient 3, Table IV, Serum 3/3/50 —^Multi¬ 
ple Myeloma with Increased Gamma Co.mponent 
Note similarity to that of 3/6/50 in Table IV (not il¬ 
lustrated). (Current— 15.0 milliamps., time— 9,000 sec¬ 
onds) 
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% e 42 14 6 5 23 


Fig. 5. Patient 5, Table IV, Serum 3/15/SO —Multi¬ 
ple Myeloma with Both M and Gamma Components 

(Current—IS.l milliamps., time—10,800 seconds) 

sera from all patients by all four methods of com¬ 
parison. The only possible exception was the se¬ 
rum of patient 6 in which the ratio with the Howe 
method was normal. Its electrophoretic pattern 
showed a reduction in the gamma globulin, absence 
of M protein and high and globulin com¬ 
ponents. 

Patient 2, with multiple myeloma, had a local¬ 
ized tumor in a vertebra which was removed free 
of bone or other tissue at autopsy and frozen im¬ 
mediately. After this tumor had been ground in 
a Waring Blendor at 0°C, and extracted with 0.14 
M saline, the suspension was clarified by centri¬ 
fugation at 13,000 rpm at 0°C and filtered through 
a coarse sintered filter. Analysis of this extract 
showed a nitrogen content of 1.5 mg per ml. The 
sulfhydryl content of this extract was .19 micro¬ 
mole per ml or 127 micromoles of SH per gram 
nitrogen. The SH per peptide unit was 0.328 
micromole. This latter value equaled the value 
0.331 for micromoles of SH found in the patient’s 
serum albumin. Electrophoretic analysis of this 
tumor extract showed a pattern of peaks which re¬ 
sembled somewhat the serum pattern in distribu¬ 
tion and mobility - albumin 14%, alpha^ 16%, 
alpha; 9%, M protein 4.0% and gamma globulin 
57%. The high SH per gram of nitrogen observed 
with this extract as well as the increase in the ra¬ 
tio of peptide to total nitrogen (0.387) probably 
reflects the presence of intracellular protein com¬ 


ponents whose amino acid composition differed 
from the proteins observed in serum. 

Lupus Erythematosus 

Seven patients diagnosed as suffering from lu¬ 
pus erythematosus disseminata were selected for 
study because of the abnormality frequently ob¬ 
served in the serum proteins in this disease, and 
our previous experience which had indicated that 
the total serum sulfhydryl content was markedly 
reduced in this condition. The cases selected for 
further study had shown clinical and laboratory 
observations characteristic of the disease. Five 
patients were females and two were males. Their 
ages ranged from 16 to 37. The observations on 
these patients with lupus erythematosus are sum¬ 
marized in Table V. The serum proteins were 
altered with a low albumin and normal or high 
globulin content in all instances (col. 5). The total 
serum sulfhydryl was below normal in all patients 
including those specimens obtained while the pa¬ 
tient was receiving ACTH (col. 6), The albu¬ 
min sulfhydryl per 100 ml serum was low in all 
sera (col. 6) and the serum of only one patient 
(No. 7) had a normal sulfhydryl per gram of al¬ 
bumin nitrogen (col. 7). The globulin sulfhydryl 
per 100 ml of serum varied from normal to sub¬ 
normal and none were normal when expressed per 
gram globulin nitrogen (col. 7). The same rela¬ 
tionships were observed when the sulfhydryl analy¬ 
sis per peptide unit was calculated for both the al¬ 
bumin and globulin components. The peptide to 
nitrogen ratio of the total serum proteins and al¬ 
bumin did not show any singular deviation al¬ 
though this ratio for the globulins was distinctly 
skewed toward a higher value (col. 8). As may 
be noted, although albumin-globulin ratios were 
diminished, the extent varied with the technique 
employed (col. 10). 

Miscellaneous Disease 

A group of patients was observed with miscel¬ 
laneous diseases, in many of which abnormalities 
in serum proteins have been noted. The clinical 
entities, ages and observations on this group are 
summarized in Table VI. The albumin nitrogen 
was reduced in the sera of all these patients while 
the globulin nitrogen was normal or increas^. 
The amount of albumin present (col. 4) and the 
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sulfhydryl detected in this fraction (col. 5) in the 
serum of patient 7, was so low that the derived 
ratio is of questionable significance. With the ex¬ 
ception of the cystinuric patient (No. 9), the sulf¬ 
hydryl content per 100 nil serum in this group was 
below the normal. This was also true of the SH 
in the albumin fraction. No consistent change, ex¬ 
cept for the high value for patient 9, was noted in 
the globulin sulfhydryl (col. 5). The sulfhydryl 
of the globulin, per peptide unit, in the sera of 
the two nephrotic patients approximated the nor¬ 
mal value and that for the cystinuric patient was 
above the normal range (col. S). The peptide con¬ 
tent per unit nitrogen in the serum proteins showed 
no consistent deviation from the normal (col. 7). 
The sulfhydryl per peptide unit was below nor¬ 
mal for all the albumin and globulin samples, with 
the exception of the patient with cystinuria. The 
heterogeneity of this group of patients does not 
permit generalization of these data. 

EFFECT OF THERAPY 

The effect of various therapeutic measures on 
the serum sulfhydryl value could be observed 
among several patients in these disease groups. 
One patient (No. 1, Table V) received 125 grams 
of intravenous salt free human albumin® during 
the period between the two serum samples which 
were examined. The albumin nitrogen of the se¬ 
rum rose from 0.27 to 0.37 gram per 100 ml and 
the globulin fell from 0.80 to 0.73 gram of nitro¬ 
gen per 100 ml of serum. The sulfhydryl content 
of the albumin and globulin fractions rose from 
14.7 to 18.9 and 12.3 to 13.4 micromoles of SH per 
100 ml of serum respectively.’ However, the sulf¬ 
hydryl for albumin decreased from 54.4 to 51.1 
micromoles SH per gram nitrogen and from 0.223 
to 0.191 micromole SH per peptide unit. The 
SH per unit globulin nitrogen and per unit globu¬ 
lin peptide rose during this period although the 
globulin content decreased. The total serum pro- 

-We have examined a similar preparation of human 
serum albumin for parenteral use (without preservative 
and salt poor). It was prepared by E. R. Squibb and 
Co., from plasma collected by the Red Cross (control No. 
302+-2). The solution was clear and was stated to con¬ 
tain 25% albumin. Our studies showed that it contained 
42 mg nitrogen per ml and the optical density by the 
biuret method was 9.83 per ml. The SH values were 15.7 
micromoles per gram of nitrogen. The D per mg of ni¬ 
trogen was .234 and the SH per D was .067. 


tein nitrogen remained unchanged but the com¬ 
ponents shifted as indicated by the albumin- glob¬ 
ulin ratios before and after albumin therapy. 
These observations are of interest because the al¬ 
bumin administered contained only 15.7 micro¬ 
moles SH per gram of nitrogen instead of the nor¬ 
mal 63.6 micromoles. 

Serum was obtained from four patients receiv¬ 
ing ACTH, prior to and during the period of ther¬ 
apy. The data are presented in Table V (patients 
4^) and Table VI (No. 6). The first patient 
(Table V, No. 4) was a 16 year old female suffer¬ 
ing from acute disseminated lupus. She had re¬ 
ceived 900 mg of ACTH (Armour), over a period 
of 11 days, with objective clinical improvement. 
Her serum showed a rise in the albumin com¬ 
ponent with a decrease in the gamma globulin and 
disappearance of the M component. A fraction, 
with the mobility of /? globulin, which had previ¬ 
ously been absent, appeared. The total sulfhydryl 
of the serum rose, and, whereas the albumin sulf¬ 
hydryl had been zero, the subsequent determination 
showed 37.9 micromoles of SH per gram of albu¬ 
min nitrogen. During the next two week period, 
she received an additional 677 mg of ACTH. Se¬ 
rum obtained one month later showed progressive 
changes toward a more normal protein distribu¬ 
tion electrophoretically. The sulfhydryl content 
of the albumin and globulin fractions per unit ni¬ 
trogen and per unit peptide rose but did not attain 
the normal value. The serum showed a total 
protein content within the normal range as a re¬ 
sult of the reduction in the globulin content and 
increase in the albumin. The albumin-globulin 
ratio was still markedly abnormal (Figures 6 and 

7). 

The second patient (Table V, No. 5) was diag¬ 
nosed as having lupus erythematosus dissemi¬ 
nata. He had received 480 mg of ACTH in daily 
amounts of 40 to 100 mg for the first seven days. 
ACTH therapy was continued with progressively 
smaller daily doses of 36, 21, 15, and 9 mg during 
the ensuing month. Sera were obtained for study 
five days after the ACTH therapy was instituted 
and a month later while he was in remission and 
receiving maintenance doses of the hormone. In 
this period, the total protein nitrogen had increased 
from 0.88 gram to 1.05 grams per 100 ml serum. 
The albumin fraction which was 0.44 gram initially 
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% 62 n 5 4 18 

Fig. 6. Patient 4, Table V, Serum 7/30/49— Lupus 
Erythematosus Before ACTH Administration 

No albumin sulfhydryl was detected, (Current—15.1 
milHamps., time—9,660 seconds) 

i 



% 25 (4 9 8 44 

Flc. 7. Patient 4, Table V, Serum 9/20/49— Patient 
Had Received ACTH 

Serum albumin sulfhydryl approximately normal. (Cur¬ 
rent—15.1 milliamps., time—7,200 seconds) 


rose to 0.53 gram of nitrogen per 100 ml and the 
globulin which had been 0,42 gram of nitrogen per 
100 ml of serum was 0.47 gram on the later speci¬ 
men. The total sulfhydryl of the serum proteins 
decreased somewhat due to a slight fall in both 
the albumin and globulin content. The fall in SH 
was even more apparent in the albumin and globu¬ 
lin SH components when the SH per gram nitro¬ 
gen or per peptide unit was measured (cols. 7 and 
9, Table V). Despite the improvement in the al¬ 
bumin content of the serum and in the electro¬ 
phoretic analysis, the sulfhydryl values were lower 
and did not parallel the changes in the protein 
values. 

A 37 year old male suffering from acute dis¬ 
seminated lupus (Table V, No. 6) received 100 mg 
of ACTH daily for eight days and thence 985 mg 
in varying daily dosage for the following 38 days. 
He developed a bacteremia during this period and 
staphylococci of both aureus and albus types were 
isolated from his blood. Two to 3 grams of aureo- 
mycin per day were administered for the first two 
weeks and for the following two months he re¬ 
ceived 4.5 grams of aureomycin daily. Specimens 
of serum from this patient were obtained just pre¬ 
ceding and nine days after the initiation of ACTH 
therapy. Another specimen was obtained during 
the period that both aureomycin and ACTH were 
being administered. During the first period while 
he was receiving ACTH, a fall in the total serum 
protein was observed with a slight increase in the 
albumin content and decrease in the globulin. The 
sulfhydryl in the albumin decreased and that in 
the globulin increased per gram of nitrogen or per 
peptide unit (cols. 7 and 9). During the following 
period when aureomycin was administered together 
with the ACTH because of the bacteremia, the al¬ 
bumin remained unchanged at its low level, but the 
globulin nitrogen decreased to the normal level. 
The albumin sulfhydryl remained unchanged while 
the globulin sulfhydryl per gram of nitrogen con¬ 
tinued to increase. It may be noted that the ratio 
of albumin to globulin was persistently abnormal 
in this patient’s sera. 

The fourth patient (Table VI, No. 6) was a 33 
year old female with Hodgkin’s disease. She had 
received 300 mg of ACTH over a period of three 
days. During this period a dramatic improvement 
in her clinical status had occurred. The patient 
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became afebrile within 24 hours and had a diuresis 
with the loss of 13 lbs. in body weight. No es¬ 
sential change in the protein or sulfhydryl content 
of the serum occurred. Ten other patients with 
lupus, rheumatic fever or rheumatoid arthritis 
were treated with ACTH for short periods of 
time. The total serum sulfhydryl as well as serum 
protein determinations were performed on samples 
obtained before and during this therapy. In gen¬ 
eral, a slight decrease in the serum protein nitro¬ 
gen was observed with a concomitant small in¬ 
crease of sulfhydryl per gram of nitrogen. These 
unfractionated samples cannot be critically evalu¬ 
ated and the changes observed probably represent 
a slight increase in the albumin fraction with a 
decrease in the globulin content of the serum. 

Among the patients with malignant tumors 
(Table III) there were several from whom serial 
specimens of serum were obtained while they had 
been receiving folic acid antagonist therapy, either 
Aminopterin or A-Methopterin. Patients 1, 2, 
4, 6, and 7 had shown no objective or apparent 
clinical response to the therapy. One patient (No. 
3) showed local regression of an ulcerated carci¬ 
noma of the breast. Two patients (Nos. 8 and 9) 
manifested temporary regression of the metastatic 
lesions and clinical improvement. The latter two 
patients showed a definite change in the sulfhydryl 
of the serum proteins during this period. Patient 
8 had pleural metastases from a carcinoma of the 
breast with recurrent sanguinous effusions in 
which carcinoma cells had been observed. She re¬ 
ceived 5 to 15 mg of A-Methopterin daily, and, 
after three weeks, x-ray examination of the chest 
showed almost complete clearing of the pleural 
fluid. Reaccumulation of the fluid was not ob¬ 
served during the ensuing four months of obser¬ 
vation. She gained weight and was asymptomatic. 
From the time just preceding A-Methopterin ther¬ 
apy to the time one month later when A-Methop¬ 
terin was discontinued prior to discharge from the 
hospital, the total protein in the serum had de¬ 
creased with a diminution of both albumin and 
globulin components. The sulfhydryl per gram 
albumin or globulin nitrogen more than doubled 
during the interval. The micromoles of sulfhydryl 
per peptide unit increased from .135 to .214 for 
the albumin fraction and from .051 to .117 for the 


globulin. The second patient (No. 9) had a rhab¬ 
domyosarcoma of the left leg with pulmonary 
metastases. Amputation of the leg had been per¬ 
formed one year previous to this hospital admis¬ 
sion. He had lost 20 lbs. in weight, had a parox¬ 
ysmal cough and drenching night sweats from 
January through April, 1950. A-Methopterin, 
10 mg daily, was administered and within two 
weeks distinct clinical improvement was noted 
which was progressive so that the patient left the 
hospital and felt well enough to attend to his busi¬ 
ness. X-ray examination of the chest had shown 
disappearance of some of the pulmonary shadows 
and diminution in the size of other shadows. The 
patient had gained 14 lbs. in weight. A-Methop¬ 
terin had been reduced to 5.0 mg orally per day. 
One month later, an increase in the size of the 
pulmonary metastases was noted by roentgen ex¬ 
amination with subsequent return of symptoms. 
These were progressive despite increase in dosage 
of A-Methopterin to 10 mg per day so that he was 
rehospitalized. Sera obtained before and during 
this period of folic acid antagonist therapy showed 
changes in the sulfhydryl content which paralleled 
the clinical observations to some extent. Pre¬ 
ceding the folic acid antagonist therapy, an in¬ 
creased globulin, and low albumin content of the 
serum was present. The sulfhydryl content of 
these fractions was low. During the period of 
clinical improvement, the albumin nitrogen of the 
serum increased with no apparent change in the 
globulin. The sulfhydryl increased in both albu¬ 
min and globulin fractions, to the normal range, 
when expressed either as micromoles per gram of 
nitrogen or per peptide unit. With clinical relapse, 
although still receiving A-Methopterin, the albu¬ 
min nitrogen of the serum decreased, but the glob¬ 
ulin appeared to remain unchanged. The sulf¬ 
hydryl, per gram albumin nitrogen or peptide unit, 
decreased rapidly to the original pre-therapy level. 
The globulin sulfhydryl also decreased. Electro¬ 
phoresis of these serum samples showed that a 
decrease in the albumin component occurred dur¬ 
ing this relapse with an increase in the alpha glob¬ 
ulin. The folic acid antagonists do not appear to 
affect the globulin fraction of the serum in a man¬ 
ner comparable to the uniform decrease observed 
with ACTH (Figures 8 and 9). 
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Fig. 8. Patient 9, Table III —Serum Sample Ob¬ 
tained ON 6/8/SO WHEN Patient was in a Clinical Re¬ 
mission WHILE Receiving A-Methopterin 

(Current—15.2 milliamps., time—10,800 seconds) 

I 



I-> 

y P ^<^2*^1 alb. 

% 22 13 13 10 42 

Fig. 9. Same Patient as Figure S— Serum Sample 
Obtained on 7/31/SO during Clinical Relapse 
(Current—IS.l milliamps., time—9,000 seconds) 

DISCUSSION 

Kolthoff and Lingane have summarized the re¬ 
sults of polarographic studies of blood, based on the 
presence or absence of sulfhydryl groups (17). 
Black (18) has reported alterations from the 


normal in the sulfhydryl content of plasma and se¬ 
rum, from patients with neoplastic disease, as 
measured by the rate of reduction of methylene 
blue and other dyes. Glass (19) and Huggins and 
his colleagues (20) have studied the coagulation 
of the serum proteins as an index of their albumin 
content. They have also presented observations 
indicating that when an alkylating agent such as 
iodoacetic acid is added to serum, presumably reac¬ 
ting with sulfhydryl groups, the results confirmed 
the defect noted in various pathologic states when 
simple coagulation was employed (21). 

From the observations reported in the present 
paper, it is apparent that a reduction in the total 
sulfhydryl in the serum proteins frequently oc- 
turs in various diseased states. Fractionation of 
the serum and determination of the sulfhydryl in 
each fraction showed that the total value for the 
serum protein sulfhydryl was the resultant of 
those obtained for the albumin and globulin frac¬ 
tions. The sera of normal individuals contain 
approximately two and one half times as much SH 
per gram of albumin nitrogen as per gram globu¬ 
lin nitrogen (13). A reduction in the albumin 
nitrogen will therefore usually result in a lowered 
total serum protein sulfhydryl even when an in¬ 
crease in the globulin component occurs. In the 
majority of the patients studied, the sulfhydryl 
per gram of albumin or globulin nitrogen in the 
sera was reduced, and despite marked elevation of 
the globulin content in various diseases, the total 
SH of the serum was rarely normal or above the 
normal. 

The deviations from the normal in the sera are 
graphically presented in Figures 10-12. 

As previously noted (see Methods), the quali¬ 
tative nature of a protein may be established by sev¬ 
eral indices. One index would be the number of 
peptide bonds per mg of nitrogen. This is a func¬ 
tion of the types of amino acids present in the pro¬ 
tein. In Figure 11, the results of such an analysis 
are presented. It will be noted that the results with 
the sera from these patients show a distribution 
about the normal. A second index that may be em¬ 
ployed is the relationship between the number of 
sulfhydryl groups per unit of protein nitrogen or 

peptide f —or^)- These values char- 
^ ^ (nitrogen D / 

acterize the protein with respect to a specific type 
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REUTIONSHIP OF ALBUMIN TO GLOBULIN NITROGEN AND SH VALUES AMONG 

PATIENTS WITH DISEASE 



C-OANCER L-LUPUS M-MYELOMA X-MISC. DISEASE 


Fig. 10. Distribution of Albumin and Globulin Nitrogen and Albumin and Globulin 
SH PER Gram Protein Nitrogen in Patients with Disease 

of linkage other than the peptide bond common mal range. The SH per peptide unit, presented 
to proteins and polypeptides. In Figure 10, the in Figure 11, shows that 875^> of the albumin and 
SH per gram of albumin and globulin nitrogen is 79% of the globulin determinations were sub¬ 
represented. Eighty-six % of the albumin values normal. Seventy-five % of all the sera examined 
and 76% of the globulin values were below the nor- from these patients was subnormal in both albu- 


RELATIONSHIP OF ALBUMIN TO GLOBULIN NITROGEN, PEPTIDE AND SH VALUES 
AMONG PATIENTS WITH DISEASE 



-1-1__1 I_I _I_I 

C-CANCER L-LUPUS M-MYELOMA X-MISC. DISEASE ^^OPTICAL DENSITY 
WITH BIURET. 

Fig. 11. Peptide per Mg Nitrogen in the Albumin and Globu^zS Components and the SH 
per Peptide Unit for these Fractions among Patients with Disease 
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Fig, 12. Distribution of the Albumin SH per Gram 
OF Nitrogen among Patients with Disease 


min and globulin SH values whether expressed as 
SH per gram of nitrogen or per peptide unit. 
The skewness of these observations is in marked 
contrast to those for the peptide per nitrogen in¬ 
dex described previously ( -5^ • The 

\ mg nitrogen / 

albumin fraction in these sera was low both in 
terms of protein nitrogen and sulfhydryl. The 
relationship between the albumin SH values and 
the albumin nitrogen content is graphically pre¬ 
sented in Figure 12. It will be noted that the SH 
in the albumin fraction was reduced below the nor¬ 
mal range in all sera except for one patient with a 
melanocarcinoma (Table HI, No. 11) and one pa¬ 
tient with cystinuria (Table VI, No, 9). The 
ratio of sulfhydryl to nitrogen was generally re¬ 
duced below that obtained with normal sera. 

These observations indicate, that in diseased 
states, irrespective of the increase or decrease in 
protein content, a qualitative chpnge occurs in the 
sulfhydryl content of the'serum protein com¬ 
ponents. The changes in both albumin and globu¬ 


lin sulfhydryl are in the same direction and may 
be the manifestation of a similar alteration in pro¬ 
tein synthesis or rearrangement of molecular 
architecture. No distinctive abnormality, charac¬ 
teristic for the different disease processes, was 
apparent. 

Further study of tissue components and serum 
fractions is being conducted in the hope that the 
mechanism responsible for the metabolic abnor¬ 
mality which results in the altered protein sulf¬ 
hydryl observed in various disease states may be 
described. 

SUMMARY 

1. The sera from patients with malignant tu¬ 
mors, lupus erythematosus, multiple myeloma, and 
miscellaneous diseases associated with abnormality 
of the serum proteins have been investigated with 
respect to the albumin and globulin content as 
measured by the protein nitrogen, biuret method 
and electrophoresis. 

2. The sulfhydryl content of the serum protein 
as well as of the albumin and globulin components 
has been determined employing an amperometric 
titration technique. 

3. A reduction in the albumin component with 
normal or increased globulin has been observed in 
these sera but the peptide per mg of nitrogen did 
not deviate markedly from the normal, 

4. The sulfhydryl per mg of protein nitrogen or 
per peptide bond was subnormal in both the albu¬ 
min and globulin components in 75% of these sera. 

5. It is believed that a metabolic abnormality re¬ 
lated to protein formation exists in these disease 
states which is reflected in the low sulfhydryl val¬ 
ues in the albumin and globulin fractions. 

6. The changes in the serum protein and the 
sulfhydryl values in patients who received ACTH 
or folic acid antagonist therapy are presented. 
The number was too small for generalization with 
respect to the mechanism of action of these agents. 
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The growing importance of radioiodine to clini¬ 
cal practice and medical research has stimulated in¬ 
terest in various kinetic aspects of iodine metabo¬ 
lism, including the renal excretion of iodide as esti¬ 
mated by the renal clearance of iodide (1-3). In 
addition, it has been suggested that the most ex¬ 
plicit and precise measure of the iodine-accumu¬ 
lating function of the thyroid gland may be the 
clearance of iodide by the thyroid (3, 4), defined 
by analogy as the volume of plasma or serum 
cleared by the thyroid gland of its iodide content 
per minute, and determined from multiple obser¬ 
vations in vivo of the thyroid itself compared with 
observations of serum. Since most of the circu¬ 
lating iodide eventually reaches the urine or the 
thyroid gland, it has also been observed (1) that 
a useful indirect measure of clearance of iodide 
by the thyroid called “extrarenal iodide clearance,” 
may be obtained from observations on serum plus 
urinary excretion alone, without recourse to ob¬ 
servations in vivo. 

Although the foregoing concepts and methods 
of estimation have been discussed at length, few 
actual values for such clearances have been pub¬ 
lished. It is the purpose of this report to present 
values for renal and extrarenal clearance of radio¬ 
iodide in a group of patients illustrating various 
states of thyroid and renal function. 

METHODS 


was calculated by the use of the formula , and is 

ir 0 

the di/Ierence between total clearance and renal clearance. 

RESULTS 

Renal clearances of iodide have been estimated 
for 43 individuals by the foregoing method. Fif¬ 
teen of the patients studied had exophthalmic 
goiter, one had adenomatous goiter with hyperthy¬ 
roidism, six had myxedema and 21 were euthyroid 
(15 with normal thyroids, two with carcinoma of 
the thyroid and four with adenomatous goiter with¬ 
out hyperthyroidism), 

Twelve of the 15 patients with normal thyroid 
glands who were studied had severe renal insuffi¬ 
ciency, and had been hospitalized for treatment of 
this condition. The various diagnoses of the re¬ 
nal disease among these 12 patients were glomeru¬ 
lonephritis, nephrosis, myeloma, cardiac decom¬ 
pensation and intracapillary glomerulosclerosis. 

Although tests of renal function were not per¬ 
formed in the other 31 patients, none of them made 
any complaint referable to the kidneys and stud¬ 
ies or laboratory tests were not indicative of se¬ 
rious renal disease. It was assumed that their 
renal function was normal, or at least nearly so. 

Table I gives the mean values for renal clear¬ 
ance of iodide among the patients studied. 

TABLE I 

Re7ial iodide clearance in cubic centimeters of 
serum cleared per minute 


After the administration by mouth of tOO microcurk 
tracer doses of radioiodine, along with 100 micrograms ol 
sodium iodide as carrier, samples of blood serum and oi 
urine, collected at suitable intervals, were analyzed fos 
their content of P’b The methods employed for cofiec- 
tions and analyses have been described elsewhere (1, 5). 
Clearances were calculated by the method described fay 
Berkson and associates (6), The renal clearance of iodide 

L', 


was obtained by use of the formula Cl — r, in which 


U'/ is the estimated asym^jtotic value of the renal excretion 
curve expressed as a fraction of the dose administered and 
r the exponential rate constant of that curve, and P'o is 
the concentration of inorganic in the blood at zero time 
obtained by extrapolation. Extrarenal clearance of iodide 


Renal function* 


1 

Presumably normal 

Definitely impaired 

Condition 

1 

1 

Cases ! 

i 

Iodide 
clearance , 

Cases 

Iodide 

clearance 

Hyperthyroidism 

i '' 

1 32.7 ± 1.0 



Euthyroidism 

i ^ 

1 33.3 ±3.1 

12 1 

8.7 de 1.6 

i_--- 

Myxedema 

1 

1 ^ 

17.9 ± 1.6 




♦ The value followinff the d= is the standard error of the 


mean. 
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In Table II are listed the extrarenal clearances 
of iodide obtained. For patients who had hyper¬ 
thyroidism, the mean value was 154.6 cc. of serum 
cleared of radioiodine per minute; for euthyroid 
persons with presumably normal renal function it 
was 26.3 cc. per minute; for euthyroid patients 
with impaired renal function it was 6.5 cc. per 
minute; and for patients with myxedema it was 
4.7 cc. per minute. It should be noted that there 
is very little overlapping of one group by another. 

COMMENT 

The values for renal clearance of iodide reported 
here compare closely with those found by Myant 
and his associates (3), who, in a study in which 
radioiodine also was used, observed mean clear¬ 
ance rates of 31 cc. per minute among 11 euthy¬ 
roid persons and 27 cc. per minute among 11 per¬ 
sons with untreated thyrotoxicosis. In studies in 
which large amounts of nonradioactive sodium 
iodide were administered, Elsom and his co-work¬ 
ers (7) found that the kidney of the dog cleared 
9.0 cc. of plasma per minute of its iodide content, 
and Nelson and his associates (8) found the range 
of clearance of renal iodide in 13 normal men to be 
between 10 and 25 cc. per minute. It is of interest 
that the clearance of iodide in physiologic amounts 
(as observed in the studies in which radioiodine 
was used) was greater than the clearance esti¬ 
mated when much larger quantities of iodide were 
given to human beings and to dogs. 

In so far as the clearance of tracer amounts of 
may be taken as a valid measure of the clear- 


TABLE n 

Extrarenal clearance of iodide: 43 cases 


Condition 

Cases 

Serum cleared per minute, 
ec. 


1 

Range 

Mean* 

Hyperthyroidism 

16 

49-419 

154.6 db 19.5 

Euthyroidism with pre¬ 
sumably normal renal 
function 

9 

10-64 

26.3 ± 5.2 

Euthyroidism with im¬ 
paired renal function 

12 

3-11 

6.5 ± 0.2 

Myxedema 

6 

3-8 

4.7 ± 0.7 


* The value following the ± is the standard error of the 
mean. 


ance of the nonradioactive inorganic iodide of the 
plasma, the clearance of the latter would appear to 
be greater than that of other halogens, such as 
chloride or bromide. 

The values for extrarenal clearance of iodide 
found in this study correspond to the thyroid clear¬ 
ance rates reported by Myant and his associates 
(3) and by Stanley (9). The former investiga¬ 
tors found the mean thyroid clearance in 11 nor¬ 
mal persons to be 16.0 cc. per minute and in 11 
thyrotoxic patients, 486 cc. per minute. Stanley 
found the thyroid clearance of iodide in three 
normal persons to be 18.6, 7.2 and 28.7 ml. per 
minute. Extrarenal clearance in euthyroid and 
hyperthyroid persons is a close approximation of 
thyroid clearance but in myxedematous persons 
this is not so. 

Extrarenal clearance was consistently lower 
among the patients who had impaired renal func¬ 
tion. This inferred reduction in thyroidal iodide 
clearance may not necessarily imply that the thy¬ 
roid glands in this group accumulated less iodine 
per unit of time, since the average concentration 
of inorganic iodide in plasma may well be higher 
in these cases. 

SUMMARY 

Doses of I^^^ were administered to 43 persons, 
and from samples of urine and serum collected at 
suitable intervals, renal clearances of were 
calculated by a method described by Berkson and 
associates (6). Mean clearances in the individu¬ 
als presumed to have normal renal function were 
32.7 cc. per minute for persons who had hyper¬ 
thyroidism, 33.3 cc. per minute for euthyroid per¬ 
sons, and 17.9 cc. per minute in patients who had 
myxedema. The clearances among persons who 
had impaired renal function were markedly de¬ 
creased. 

A method is also given for the determination of 
the extrarenal clearance of radioiodide (which is 
an approximation of thyroid clearance of iodide in 
all except hypothyroid persons). The hyper¬ 
thyroid patients studied had a mean extrarenal 
clearance of iodide of 154.4 cc. per minute; the 
euthyroid persons with presumably normal func¬ 
tion, 26.3 cc. per minute; the euthyroid persons 
with impaired renal function, 6.5 cc. per minute; 
and persons with myxedema, 4.7 cc. per minute. 
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Little overlap was found between any two groups. 
This clearance rate appears to be a sensitive index 
of thyroid function. 
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Niazi and State (1) recently reported that when 
human serum was heated with the diphenylamine 
reagent of Dische (2, 3) a purple color developed. 
They also observed thSt in certain disease states, 
e.g., carcinoma, pulmonary tuberculosis and rheu¬ 
matic fever, the purple color reaction was of con¬ 
siderably greater intensity than 'in the serum of 
normal persons'. We observed this color reaction 
when testing saline extracts of bovine tonsils for 
the presence of desoxyribonucleic acids using the 
Dische diphenylamine reagent. Subsequent frac¬ 
tionation of the tonsil extracts revealed that the 
substance which gave the purple color reaction 
with diphenylamine was a mucoprotein with an un¬ 
usually low isoelectric point (pL < 2.0) (4). In 
confirmation of certain findings of Niazi and State 
(1) we have observed that serum from rheumatic 
fever and rheumatoid arthritis patients gives a 
color of greater intensity than does the serum from 
normal individuals. 

The resulting purple solution has one absorption 
band in the visible spectrum, with a maximum at 
530 mix. This same absorption band is present 
when either serum or our purified mucoprotein 
from beef tonsils (4) is tested. 

In this report we shall present observations with 
respect to the reaction, and suggest modifications 
in technique. We have applied the method to 
rheumatic fever sera, the results of which are 
included. 

Conditions of the reaction 

‘ The addition of Dische’s reagent ^ directly to se¬ 
rum produces upon heating a turbid colored solu- 

^ Supported in part by grants from the United States 
Public Health Service and from the Chicago Heart As¬ 
sociation. 

-Present address; Facultad de Quimica y Farmacia, 
Montevideo, Uruguay. 

* Composition of the reagent: glacial acetic acid 100 ml., 
cone, sulfuric acid 2.75 ml., diphenylamine 1 gm. 


tion unsuitable for colorimetric readings. When 
serum proteins are precipitated with 20% tri¬ 
chloroacetic acid solution, the purple color reaction 
is present in the acid hydrolyzate obtained from 
the precipitate and absent in the filtrate. The 
moiety giving the purple color is dialyzable from 
serum only after acid or aljcaline hydrolysis. In 
the procedure described by Niazi and State (1), 
the proteins are precipitated from serum with a 
20% trichloroacetic acid solution, the supernatant 
discarded, the precipitate hydrolyzed with a 5% 
trichlc5?sacetic acid solution, and the clear super¬ 
natant obtained after centrifugation is tested with 
the diphenylamine reagent. Since the 20% tri¬ 
chloroacetic acid filtrate from serum does not con¬ 
tain any interfering substance we have found it 
satisfactory to hydrolyze the serum directly. A 
study of the hydrolysis step shows that the in¬ 
tensity of the purple color reaction increases with 
time up to 20 minutes and then decreases slowly 
and becomes negative after several hours. For 
this reason we have adopted 20 minutes as a stand¬ 
ard time of hydrolysis. 

The time of heating the serum hydrolyzate and 
the reagent is another important factor in the in¬ 
tensity of the color produced. A plot of color in¬ 
tensity (in terms of optical density at 530 mix) 
against time of heating shows a rapid increase with 
time up to two hours, after which the rate of in¬ 
crease is slight. When the heating is continued, the 
purple color shifts to blue (clearly noticeable at 
two hours) and the absorption curve develops a 
new band with a maximum at 650 mjx in addition 
to the one at 530 mix. The variation in the shape 
of the absorption curves with time of heating is 
presented in Figure 1. We have selected 30 min¬ 
utes as a standard time of heating; at this time an 
intense purple color is obtained with little inter¬ 
ference from the blue band, as can be seen in 
Figure 1. 
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Fig. 1. Variation in the Absorption Spectrum with 
THE Time of Heating the Reaction 

Curves are shown for 30, ISO, and 240 minutes of heating 
in a boiling water bath. Absorption measurements were 
made on a Model DU Beckman Spectrophotometer. 

Varying the concentration of diphenylamine in 
the reagent between 0.5 and 1.5% has little effect 
upon the color development. We have maintained 
the 1% concentration of the original Dische re¬ 
agent. On the other hand, the sulfuric acid con¬ 
centration of the reagent has a marked influence 
on the intensity of the color, the intensity increas¬ 
ing as the acid concentration increases up to 10% 
in volume, where the curve becomes asymptotic. 
Therefore, replacement of the 2.75 ml. of con¬ 
centrated sulfuric acid used in the original Dische 
formula with 10 ml. is useful in detecting the 
moiety 'when it is present in low concentrations. 
In this report we shall call the reagent containing 
10 ml. of concentrated sulfuric acid “sensitive re¬ 
agent”,^ and the one prepared according to Dische’s 
formula “standard reagent.” 

It is important to note that the absorption curves 
obtained from serum using either standard or sen¬ 
sitive reagent have the same general shape pro¬ 
vided a standard time of heating of 30 minutes is 


^Composition of sensitive reagent: glacial acetic acid 
90 ml., cone, sulfuric acid 10 ml,, diphenylamine 1 gm. 


employed in both cases. This can be seen in 
Figure 2. " * 

Using a Model DU Beckman Spectrophotometer 
we have determined that the color reaction obeys 
Beer’s Law over the range of optical densities with 
which we have worked. Measurements included 
in Table I and in Figure 3 were made with a Model 
6A Coleman Spectrophotometer. With this in¬ 
strument when the optical density measured was 
greater than 0,650 it was customary to dilute the 
sample and multiply the reading obtained with the 
diluted sample by the appropriate dilution factor. 

Suggested procedures 

On the basis of these findings, the folloiving procedures 
are recommended: 

fl) Macro procedure; Two ml. of the sample (plasma 
or serum), are placed in a 25 X 150 mm. test tube, and 
10 ml. of a 5% trichloroacetic acid solution are added 
slowly with gentle shaking in order to obtain fine floccules 
of precipitate. The tube is then placed in a boiling water 
bath for exactly 20 minutes and immediately cooled by 
immersion in ice water. The tubes are stoppered during 
the hydrolysis with a perforated rubber stopper fitted 
with 20 cm. long glass tubing which acts as a condenser. 
The hydrolyzate is filtered, and 1.5 ml. of the clear fil¬ 
trate is transferred to a 18 X ISO mm. o.d. test tube to 
which are added 3 ml. of standard reagent. The tube is 
then immersed in a boiling water bath for exactly 30 min¬ 
utes. After removal from the boiling water the tube is 
cooled in ice water and allowed to come to room temper¬ 
ature. The color intensity is stable for several hours at 
room temperature. The optical density was read in a 
Model 6A Coleman Spectrophotometer at 530 m/t in the 
18 X 150 mm. test tube in which the color was developed. 
A large number of 18 X ISO mm. Pyrex test tubes were 
examined for uniform optical properties. Tubes were se¬ 
lected which were uniform to ± 0.005 optical density units 
at an optical density of 0.300 and at a wavelength of 530 
nvi. This is well within the standard error of the method. 
The adapter on the Model 6A Coleman Spectrophotometer 
was modified by reducing the vertical light path to 15 mm. 
in order to accommodate a 4.5 ml. sample. 

Two blanks are required. One blank consists of 5% 
trichloroacetic acid and standard reagent in proportions 
corresponding to those used for the reaction. This blank 
is used to establish the zero optical density setting of the- 
spectrophotometer. The second blank consists of 1.5 ml. 
of serum hydrolyzate and 3,0 ml. of acetic sulfuric acid 
mixture ® without diphenylamine. The second blank must 
be prepared separately for each serum sample. The op¬ 
tical density of this blank is subtracted from the corre¬ 
sponding serum sample giving the purple color reaction. 


® Composition: glacial acetic acid 100 ml., cone, sulfuric 
acid 2.75 ml. 
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Fig. 2. Comparison of the Absorption Curves Obtained 
Using the "Sensitive” and the “Standard" Reagents and 
Mixtures 

Measurements made on a Model DU Beckman Spectro¬ 
photometer. 

A. with sensitive reagent 

B. with standard reagent 

C. with sensitive mixture * 

D. with standard mixture * 

* Acetic and sulfuric acids in the proportions used in the re¬ 
agents but without diphenylamine. 


This furnishes the corrected optical density of the purple 
color determination. 

A mixture of sulfuric and acetic acids in the proportions 
used in the reagent, when added to serum hydrolyzate, 
gives a light brown color with a broad absorption band 
as is seen in Figure 2. The sulfuric acid in the mixture 
causes this color development. Since the intensity of this 
color varies with individual serum samples it must be 
subtracted from the measured optical density of the purple 
color reaction. 

b) Semimicro procedure: For small serum samples, the 
following procedure is suggested; To 0.2 ml. of the sam¬ 
ple (serum or plasma) in an 18 X 150 ml. o.d. test tube add 
5 mi. of a 5% trichloroacetic acid solution, slowly and 
with shaking. The method described in the macro 
procedure above is followed with one exception. In the 
micro technique “sensitive reagent” is used instead of 
standard reagent, and "sensitive mi.xture” ® replaces the 
standard mixture. 

Reproducibility of the results 

The arithmetic mean of the optical densities of 
20 samples of the same serum using the macro pro¬ 
cedure was 0.440 with a standard deviation of 
0.018. The coefficient of variation was found to be 

* Composition: glacial acetic acid 90 ml., cone, sulfuric 
acid 10 ml. 


4.09%. We have expressed the results of the re¬ 
action in terms of optical density at 530 rxift. since 
the molecular structure of the substances respon¬ 
sible for the purple color development in serum are 
as yet unknown. Evidence to be discussed else¬ 
where (5) suggests that the purple color develop¬ 
ment is due to a carbohydrate moiety bound mainly, 
if not exclusively, to the serum mucoproteins, and 
found in the alpha globulin fraction of serum. The 
arithmetic average of the optical density of serum 
samples from 17 normal adults (male and female) 
using the macro procedure, is 0.374, with a stand¬ 
ard deviation of 0,041. 

We have established the normal range of opti¬ 
cal densities by using twice the standard deviation 
on either side of the arithmetic mean. The normal 
range of optical density is found to be from 0.292 
to 0.456. Since our procedure differs from that 
used by Niazi and State (1), our values are not 
directly comparable. Nevertheless, the values ob¬ 
tained by Niazi and State differ but slightly from 
the values reported above. 

The arithmetic average of the optical density of 
serum samples from 14 normal adults (male and 
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female) using the semimicro procedure, is 0.332, 
with a standard deviation of 0.022. The normal 
range of values thus becomes 0.288 to 0.376 using 
this procedure. 

Application of the method to rheumatic fever 

The plasma or serum of rheumatic fever patients 
has been tested using the macro procedure pre¬ 
viously described. We find that both serum and 
plasma give the same color intensity within the 
experimental error of the method. 

Blood samples were collected from patients, 
either in the fasting or post-prandial state, on the 
wards of the Children’s Memorial Hospital ^ and 
from ambulatory patients attending the Bridgeport 
Clinics.® When serum was used this was centri¬ 
fuged from the clot as soon as possible and the re¬ 
action was carried out immediately. If this was not 
practicable, samples were stored at 5° C.; storage 
at this temperature for as long as six days does not 
affect the color yield. When plasma was used, 
heparinized blood samples were collected and cen- 
. trifuged as soon as possible. Heparin gives a nega¬ 
tive color test and does not interfere with the 
reaction. 

We have tested a total of 107 samples from rheu¬ 
matic patients in different stages of the disease. 
The results are recorded in Table I. The figures 
in Table I show that in acutely ill patients, the mean 
values of the reaction are significantly high (62.8% 
higher than the normal mean). 

Figure 3 represents graphically the distribution 
of values found in the clinically active group of 

TABLE I 

Purple color reaction values found in sera of rheumatic fever 
patients {in terms of optical density at 530 mu) 

{Macro procedure) 


Number 

of 

cases 

Stage 1 

Arithmetic 
mean of 
the group 

Per cent 
increase 
over 
normal 
mean 

40 

'Clinically acute cases 

0.609 

62.8 

33 

Cases with only mild activity 

0.530 

41.7 

34 

Inactive cases 

0.420 

12.3 


T We are indebted to the Children’s Memorial Hospital 
for providing these samples. 

8 Clinics for rheumatics maintained by the Rheumatic 
Fever Research Institute at the Bridgeport Salvation Array 
Dispensary. 


NORMALS 

■■■ ACUTE R.F, PATIENTS 
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Fig. 3. Disthibution of Purple Color Values of 
Normal and Rheumatic Sera, Using the Macro Pro¬ 
cedure Described 

cases, around the arithmetical mean of the group. 
For comparison the values of normals are similarly 
represented. 

The second group in Table I includes patients 
who had no clinical symptoms of rheumatic ac¬ 
tivity but still had slightly elevated temperatures 
or had sedimentation rates above normal. In this 
group also, the arithmetical mean of the values was 
significantly higher than normal levels but in a 
lower range than the first group. 

The third group is made up of quiescent rheu¬ 
matic subjects. The arithmetical mean of this 
group, although above the normal mean (12.3%), 
fell within the normal range. 

The purple color reaction appears to be signifi¬ 
cantly elevated during acute rheumatic fever, to 
decrease with lessening of the rheumatic activity 
and to return to normal upon recovery. Further¬ 
more, the intensity of the reaction appears to paral¬ 
lel the erythrocyte sedimentation rate except where 
the E.S.R. was depressed during congestive heart 
failure. Under these conditions the purple color 
reaction parallels rheumatic activity. 

SUMMARY 

1. The conditions of a reaction between serum 
and diphenylamine reagent have been studied. 
Based upon these studies a simplified procedure 
for carrying out the reaction is recommended. 
With the procedure the arithmetic mean of the op¬ 
tical densities for normal human serum is 0.374. 
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The standard deviation is 0.041, and the range of 
values for normal human serum is shown to be 
0,292 to 0.456. 

The composition of a more sensitive reagent 
is also given. With this sensitive reagent it is pos¬ 
sible to make determinations with 0.2 ml. of serum 
or plasma. The arithmetic mean of the optical 
densities for normal human serum is 0,332 in the 
semimicro procedure. The standard deviation is 
0.022 and the range of values for normal human se¬ 
rum is 0.288 to 0.376. 

2. One hundred and seven blood samples from 
patients in different stages of rheumatic fever have 
been tested with the macro procedure. The purple 
color level in serum or plasma was found to be 
significantly elevated during rheumatic activity. 
However, in inactive rheumatic subjects the mean 
of the group was found to be within normal range. 
Serial determinations with this test may be used 


as an adjunct to current methods for following the 
course of rheumatic activity. 
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In 1948, Paton and Zaimis reported on a series 
of polymethylene bistrimethyl ammonium com¬ 
pounds with unusual properties; the decame- 
thonium (CIO) member of this series exhibited 
marked curariform activity, while the penta- and 
hexamethonium (C5 and C6) compounds revealed 
ganglionic blocking action (1, 2). Since this re¬ 
port, a number of clinical studies have called at¬ 
tention to the favorable effects of C5 and C6 in 
hypertension (3-6), peptic ulcer (7) and periph¬ 
eral vascular diseases (4, 8, 9). Investigations in 
this laboratory indicated that in a cool environment 
C6 produced a greater elevation of skin tempera¬ 
ture of the digits than either tetraethylammonium 
salts or Priscoline (9), In addition, C6 caused less 
side effects and had a longer duration of action 
than either of the other blocking agents. 

These results suggested that the increase in 
peripheral blood flow after administration of C6 
was greater than was produced by previously 
known compounds and might, in fact, approach that 
achieved following complete blockade of the sym¬ 
pathetic vasoconstrictor outflow. Since the 
changes in skin temperature provide at best only 
approximate estimations of variations in peripheral 
blood flow, it was decided to measure quantitatively 
the increase of blood flow in the foot after C6, us¬ 
ing the plethysmographic method, and to compare 
this increase with the presumably maximum flow 
obtained from regional block of the sympathetic 
nerves to the lower extremities. 


^ Supported in part by research grants from the Na¬ 
tional Heart Institute, National Institutes of Health, U. S. 
Public Health Service; The Squibb Institute for Medical 
Research, New Brunswick, N. J .; and Irwin, Neisler and 
Co., Decatur, Ill. 

- He.\-amethonium was supplied by Dr. H. Sidney New¬ 
comer, E. R. Squibb & Sons, New York City. 

3 Captain, M.C, U.S.A.F. 


MATERIAL AND METHODS 

Blood flow was measured in the left foot using the ve¬ 
nous occlusion plcthysmograph described by Abramson 
(10), but with certain modifications. These changes were 
introduced because of the necessity of removing the foot 
from the plcthysmograph at the time of the regional block 
and then replacing it rapidly to avoid delaying the de¬ 
terminations of blood flow. Therefore, instead of cement¬ 
ing the edge of a thick rubber sheeting to the ankle, a 
thin rubber boot was prepared, the edges of which were 
everted and sealed permanently to the inlet of the plethys- 
mograph in a manner similar to that described by Krogh, 
Landis and Turner (11) for use with the limb segment 
plcthysmograph. The boot was made of rubber thin and 
pliable enough for the pressure of the water filling the 
plcthysmograph to press the rubber membrane snugly 
against the contours of the foot.^ Since an air pocket 
usually formed at the upper end of the boot, the air was 
removed by means of small-bore plastic tubing leading 
from the toe of the boot to one of the two outlets of the 
plcthysmograph. The trapped air could then be removed 
by applying suction to the plastic tube with a syringe. 
By means of this device, the foot could be sealed quickly 
within the plcthysmograph, and valid blood flows recorded 
within 15 minutes after the block had been completed. 
The smoked drum method of recording was replaced by 
an electrically heated writing point attached to the Brodie’s 
bellows and the recordings made on heat-sensitive paper.® 

Digital pulse volume and blood flow were measured in 
the first toe of the opposite foot with a Burch-VVinsor 
portable plethysmograph (12). Venous occluding cuffs 
for these measurements were placed at either the base of 
the toe or the ankle. The results of these studies will be 
reported in detail in another communication (13). In 
order to check on the completeness of sympathetic paraly¬ 
sis, the digital plethysmograph was used to determine 
sympathetic vasoconstrictor reflexes in the toe to “noxious” 
stimuli. The skin temperature of eight points on the body 
as well as air temperatures were recorded by the method 
previously described (9). 

The 10 volunteer subjects, all healthy male medical stu¬ 
dents between 22 and 29, were lying comfortably in bed 

* Meteorological balloon rubber, supplied by Dewey and 
Almy Company, Cambridge, Mass. 

5 Permapaper, Sanborn Company, Cambridge, Mass. 
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with the Hinhs cx()oscd throughout tlie iiroccthirc. They 
were unciollietl except for sliorts. Tlie room was kept 
between 68 and 70 degrees by a large water-cooled air 
conditioner. The water in the plethysmograph was kept 
at a constant 32 degrees C. by means of a built-in heater 
and a motor-driven stirring propeller. Each subject was 
allowed to gain cfiuilibrium with tlie room temperature 
for at least one hour before the first control determinations. 
In order to minimize the possibility of profound hypo¬ 
tension after the administration of C6, the foot of the bed 
was elevated on 2-incli blocks in all procedures. 

Regional block was carried out by using lumbar epidural 
injection of mctycaine rather than paravertebral injection 
of procaine because of the greater certainty of achieving 
complete paralysis of all sympathetic vasoconstrictor fibers 
to the feet. To make certain that complete paralysis had 
been achieved two of the subjects were later given spinal 
anesthesia.’^ Alt subjects given lumbar epidural block 
experienced hypesthesia of the lower extremities, and two 
developed anesthesia of the saddle area as well. Both vol¬ 
unteers subjected to intrathecal block experienced com¬ 
plete anesthesia to the level of the iliac crests. 

In order to permit the effects of the preceding experi¬ 
ment to wear off completely in each subject, an interval 
of at least 48 hours separated the test using C6 and the 
procedure using regional block. The two subjects who 
received lumbar intrathecal block were allowed at least 
seven days between experiments. 

Before each procedure, eight to 16 recordings of blood 
flow through the foot were averaged to obtain the con¬ 
trol value, After either regional block or C6, groups of 
four to 10 flosv measurements were recorded at various 
intervals up to two hours or until the skin temperature 
began to fall. C6 was administered intravenously as the 
dibromide salt. However, all dosages refer to the amount 
of C6 ion rather than of the salt. 

RESULTS 

Changes in foot blood flozv 

During the control period the blood flow in the 
foot ranged from 0.3 to 2.7 cc. per 100 cc. of foot 
volume per minute, with an average of 1.0 cc. 
(Table I, Figure 1). In most subjects the mean 
blood flow in the control period varied slightly from 
test to test but these variations never exceeded 1 cc. 
per 100 cc. per minute. 

Following the injection of hexamethonium, the 
blood flow varied between 6.2 and 13.2 cc. per 100 
cc. per minute, with a mean flow of 9.8 cc, (Table 
I, Figure 1). Following epidural block in these 
subjects, tile flow averaged 10.2 cc. with a range of 
7.1 to io.S cc. After C6 the maximum blood flow 


® Mctycaine 1% was used for all epidural lumbar blocks. 
Procaine 1% was used for all intrathecal blocks. 


in five of the subjects was slightly greater than that 
achieved liy epidural block, and in the other five 
slightly less. 

The rate of increase of blood flow in the foot was 
always much more rapid after C6 than after epi¬ 
dural iilock. Maximum blood flow occurred five to 
15 minutes after the intravenous administration of 
C6, whereas the greatest increase in blood flow af¬ 
ter epidural block did not become evident for 25 
minutes to an hour or more (Figure 2). The rate 
of decrease of foot blood flow following C6 varied 
considerably in different subjects. One hour after 
injection the mean flow was 74,5% of the maxi¬ 
mum with a range of 45% to 98%. Following epi¬ 
dural block the rate of decrease of foot blood flow 
appeared to be more gradual than after C6, al¬ 
though, because of the delay in attaining maximum 
levels, the studies were not continued for a suffi¬ 
cient time to obtain quantitative data in all cases. 
Of the six cases who following epidural block at¬ 
tained maximum flow in less than 45 minutes, the 
mean flow 60 minutes after block was 76.3% of the 
maximum with a range of 28% to 98%. 

In two subjects (J. L. and P. S., Table I), the 
initial experiments indicated that the increased flow 
of blood following 50 mg. of C6 was considerably 
less than that after epidural block. Because of 
this discrepancy, determinations of blood flow were 
repeated in these two subjects, using larger doses 
of hexamethonium. Following a dose of 75 mg. of 
C6 in subject J. L., the flow rose to 13.2 cc. per 
100 cc. of foot volume, as compared to 8.2 cc. after 
the 50 mg. dose. In subject P. S. blood flow in¬ 
creased to 7.1 cc. after 100 mg. of C6 as compared 
to 5.3 cc. after 50 mg. of the drug. Thus, in both 
these subjects doses of C6 larger than 50 mg. were 
required to produce elevations of blood flow ap¬ 
proaching the maximum. 

In addition to the studies after C6 as compared 
to epidural block, two of the volunteers were sub¬ 
jected also to intrathecal anesthesia (cases L. 1. 
and V, T., Table I and Figure 1). In subject 
V. T., blood flow rose to slightl3' higher levels after 
intrathecal anesthesia (9.8 cc. per 100 cc. of foot) 
than after either C6 (8.3 cc.) or epidural block 
(7.5 cc.). In subject L. I., however, the reverse 
occurred; the maximum blood flow ^vas only 6.2 cc. 
after intrathecal anesthesia as compared to S.7 cc. 
after epidural block and 10.0 cc. after C6. 
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TAHLE I 

Effects of hexainethoninm bromide, lumbar epidural and intrathecal anesthesia on foot blood flow in normal subjects 




Foot blood flow (cc. per 100 cc. of foot per niiiiiitc) 

Subject 

Age 

1 Control 

After C6 
.^0 mg. I.V. 

Control 

.\ftcr 

upidurnl 

Control 

.■Uter 

intrathecal 

V. T. 

25 

1.2 

8.3 


7.6 

0.8 

9.8 

L. 1. 

24 

0.4 

10.0 


8.7 

1.0 

6.2 

L. D. 

28 

0.3 

11.6 


9.1 



V. B. 

25 

0.9 

9.2 

0.6 

8.8 



J. L. 

22 

1.2 

8.2 

0.7 

15.8 




1.0 

1.L2* 





W. B. 

27 

I.l 

6.2 

1.7 

7.1 

j 


S. 0. 

27 

0.8 

10.8 

1.5 

12.6 



.1. D. 

28 

2.7 

9.2 

1.7 

11.8 



R. B. 

29 

1.0 

12.8 

1.0 

9.4 



P. S. 

23 

0.7 

5.3 

0.5 

11.2 


1 



0.7 

7.1t 






* Dosage of C6 increased lo 75 mg. inlravenoiisly. 
t Dosage of C6 increased to 100 mg. intravenously. 


Changes in skin temperature of the toes 

In every instance after either C6 or regional 
block with procaine, there was a marked rise of 
the skin temperature in the toes (Figure 3). These 
elevations varied between 15 and 24 degrees F. 
above the control values. The elevations of toe 
temperature were greater after epidural block than 
after hexamethonium in seven of the nine subjects 
in whom measurements were taken. In all but one 
(L. D.), however, the differences in skin tempera¬ 
ture following C6 as compared to regional block 
were slight, amounting to less than 2 degrees F. 


The changes in digital skin temperature corre¬ 
lated poorly with the changes in blood flow. In 
subjects P. S. and W. B., for e.xample, the rise 
in temperature was greater after C6, yet the in¬ 
crease in blood flow was greater after epidural 
block. Similar contradictory results were obtained 
in three other subjects. 

The rate of elevation of skin temperature proved 
also an unreliable index of the rapidity of increase 
in blood flow. Following regional block, the in¬ 
crease in skin temperature of the toe and foot 
lagged five minutes or more behind the rise in 



Fig. 1. Chart of the Maximuxi Blood Flows in the Left Foot Fol¬ 
lowing FIe.xamethonium as Coxipared to Lumbar Intrathecal or Epi¬ 
dural Block in 10 Normal Subjects 
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Fig. 2. Chart Showing Changes in Skin Temperature, Digital Pulse 
Volume and Foot Blood Flow in Subject L. I. following Epidural Block 
AND FOLLOWING C6 


blood flow. Furthermore, the skin temperature 
remained elevated for an additional 15 or 20 min¬ 
utes after the plethysmographic tracings showed 
that the foot blood flow had passed the maximum 
and was decreasing. 

Changes in vasoconstrictor reflexes in the toes 

The changes in blood flow in the toe measured 
with the digital plethysmograph paralleled those 
in the fopt. However, the digital pulse volume al¬ 
ways exhibited a greater increase after regional 
block than after C6. In all instances, the sympa¬ 
thetic vasoconstrictor responses to "noxious’’ stim¬ 
uli (such as a deep breath or ice applied to the fore¬ 
head) were effectively blocked during the period 
of maximum elevations of foot blood flow follow¬ 
ing either epidural or intrathecal anesthesia or C6. 

DISCUSSION 

Investigations by Hoobler and his co-workers 
using the water-filled plethsymograph indicated 
that in normal subjects large doses of tetraethyl- 
ammonium produced increases in foot blood flow 
only half as great as those obtained after lumbar 
paravertebral block with procaine (14). Applying 
heat to the trunk produced no greater increase in 
blood flow in the foot .than did the administration 
of TEA, while other vasodilator drugs such as 
papaverine, nitroglycerine, nicotinic acid, and 
aminophyllin were even less effective. 


In the present study the increases in foot blood 
flow following 50 to 100 mg. of C6 intravenously 
were not greatly different from those after either 
epidural or intrathecal block using metycaine or 
procaine. These results suggest that the degree 
of blockade of the sympathetic vasoconstrictor im¬ 
pulses to the feet is nearly complete after the in¬ 
travenous injection of such doses of C6. 

There is some evidence, however, that regional 
block produced a slightly greater decrease in 
peripheral resistance than C6. The mean of the 
foot blood flow values was 10.2 cc. per 100 cc. of 
foot volume after regional block, which was slightly 
greater than the mean of 9.8 cc. after C6. This 
difference, however, was not statistically signifi¬ 
cant. Similarly, the skin temperature elevations in 
the toes usually were slightly higher following 
regional block. In addition, it was observed that 
the pulse volume of the toe was consistently greater 
after regional anesthesia than after C6, even in 
those cases in which C6 produced the greater in¬ 
crease in foot and toe blood flows. This discrep¬ 
ancy, which will be discussed in detail in another 
communication (13), appeared to be associated 
with a decrease of systolic blood pressure and in¬ 
crease of heart rate resulting in narrowing of pulse 
pressure observed after C6 but not after lumbar 
block. In view of these various obsen-ations, it 
seems possible that the degree of sjmpathetic in- 
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Fig. 3. Chart Showing the Maximum Rise of Toe 
Temperature following C6 as Compared to Epidural 
OR Intrathecal Anesthesia in 10 Normal Subjects 

hibition after C6 approached but may not have 
achieved complete blockade in some of the subjects. 

Nevertheless, these observations would appear 
to be at odds with the hypothesis of hemometa- 
kinesia, that is, the so-called “borrowing and lend¬ 
ing’’ theory. This hypothesis states in part that 
the systemic administration of any vasodilating 
agent cannot result in as great an increase in foot 
blood flow as does regional block (15, 16). After 
regional anesthesia, blood from other portions of 
the body is shunted into the area of diminished 
resistance. However, according to this hypothesis, 
after systemic administration of a vasodilating 
agent blood cannot be diverted to any local area 
because the decrease in peripheral resistance is 
generalized. 

While this hypothesis may apply to agents which 
act directly on the blood vessels, it is probable that 
the “sympatholytic’’ compounds act more selec¬ 
tively. Sympathetic vasoconstrictor nerves prob¬ 
ably are not distributed unifonuly throughout the 
vascular system. Actual measurement of regional 
blood flows after other drugs which inhibit sym¬ 
pathetic vasoconstrictor impulses, such as TEA 
(17, IS) and dihydroergocornine (19), indicates 
that whereas blood flow in the digits usually in¬ 
creases markedly, flow in the muscles and renal 
lied may not change significantly and hepatic-por¬ 
tal blood flow usually decreases. Cardiac output 
remains relatively unchanged (17, 19). Thus 
peripheral resistance in certain vascular areas such 
as the digits may decrease after the “sympatholytic” 
drugs while in other areas such as the hepatic- 


portal bed it may increase. Hence, as indicated by 
the present studies, a considerable degree of “bor¬ 
rowing and lending” of blood flow may occur from 
the action of agents which are sufficiently jiotent to 
produce comjilete or nearly complete blockade of 
sympathetic vasoconstrictor impulses. 

It is apparent from the data derived from sub¬ 
jects J. L. and P. S. that doses of 75 to 100 mg. of 
C6 in some persons produce more complete gangli¬ 
onic blockade than 50 mg. Hence, it would seem 
advisable to give 100 mg. in various clinical states 
when complete inhibition of sympathetic vasocon¬ 
striction is desired. In severely hypertensive, car¬ 
diac, and debilitated patients, however, profound 
and probably dangerous hypotension may occur 
after such large doses. Therefore, in actual prac¬ 
tice, trial doses of 5 to 10 mg. have been given to 
these patients before increasing the dose to maxi¬ 
mum tolerated amounts (20). 

None of the subjects of the present study ex¬ 
hibited significant reduction of diastolic blood pres¬ 
sure as a result of either epidural block or hex- 
amethonium, although there usually was a slight 
decrease in systolic pressure. The absence of sig¬ 
nificant hypotension in these normal, healthy young 
men could not be due entirely to the slightly head- 
down position because we have observed marked 
reductions of arterial pressures in hypertensive and 
older normotensive patients after similar doses of 
C6 despite this precaution (9). These results may 
be due to (i) the presence of a higher sympathetic 
“tone” in older as compared to younger individuals, 
or (2) to the loss of elasticity of the larger vessels 
in the elderly resulting in a lessened ability to 
counteract sudden decreases in peripheral re¬ 
sistance. 

Because of its great potency C6 is capable of 
producing severe reductions of blood pressure in 
susceptible patients. In addition, marked postural 
hypotension has been a regular occurrence. Dur¬ 
ing continuous administration effects secondary to 
parasympathetic blockade have been observed, in¬ 
cluding constipation, paralytic ileus and dry mouth. 
These undesirable reactions require that the drug 
be administered with care in patients under treat¬ 
ment for peripheral vascular diseases and hyper¬ 
tension. Methods for avoiding or circumventing 
such reactions in clinical cases will be described 
in other communications (20, 21). 
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SO.MMARV AXn COXCLUSIOX.S 

Ten normal young male subjects in a constant, 
cool temperature room were subjected on alternate 
days either to 50 to 100 mg. of C6 ion intravenously 
or to lumbar extradural or intrathecal block. 

1. Five of the subjects e.xhibited a greater in¬ 
crease in foot blood flow after C6 while five 
others had the greater flow after regional 
block. 

2. Evidence that the sympathetic blockade pro¬ 
duced by C6 may not have been quite com¬ 
plete is suggested by the fact that in the 
group as a whole the averages of the foot 
blood flow, toe blood flow and digital skin 
temperature changes were slightly greater 
after regfonai block than after 05. In some 
of the subjects, however, the values rose 
higher after C6 than after regional block. 

3. Changes in skin temperature and digital 
pulse volume did not accurately reflect the 
changes in foot blood flow. 

4. In two subjects doses of 75 and 100 mg. of 
C6 resulted in greater elevations of foot blood 
flow than doses of 50 mg. 

These results suggest that C6 in doses of 50 
to 100 mg. produces in man marked, and in some 
instances, complete blockade of the sympathetic 
vasoconstrictor outflow to the foot. 
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The present study was undertaken in order to 
measure the effect of a slight elevation of the head 
and shoulders upon the cerebral circulation of 
hypertensive patients following sympathectoiny. 
Twenty degree tilt was chosen because it could 
be tolerated for 20 minutes, as early as two weeks 
after the Smithwick sympathectomy. 

Shenkin and coworkers in 1948 reported that 
20° head-up tilt did not alter the cerebral blood 
flow, cerebral oxygen consumption, and oxygen 
content of the internal jugular blood in five nor¬ 
mal subjects (1). They also reported that, fol¬ 
lowing thoracolumbar sympathectomy, cerebral 
oxygen uptake and blood flow in hypertensive pa¬ 
tients while in the supine position did not differ 
from the preoperative level (2). 

We have measured mean arterial pressure, blood 
flow, and oxygen uptake of the brain, before and 
after tilt in two groups of patients; (a) 15 pa¬ 
tients who had been subjected to bilateral thora¬ 
columbar (D6-L3) sympathectomy, and {b) 18 
patients with essential hypertension. 

METHODS 

Patients with essential hypertension were selected from 
the medical and surgical wards of the Hospital of the 

I This study was supported in part by research grants 
from the National Heart Institute, U. S. Public Health 
Service, the Life Insurance Medical Research Fund, 
Sandoz Pharmaceuticals, Irwin, Neisler and Company, 
and the Squibb Institute for Medical Research. 

- Present address: University of Wisconsin, School of 
Medicine, Madison, Wis. 

a Present address: Department of Medicine, Baylor 
University College of Medicine, Houston, Te,xas. 

■•Present address; Berlin—Zehlendorf, Irragardstr., 45, 
U. S. Sector, Berlin, Germany. 


University of Pennsylvania and the Graduate Hospital 
of the University of Pennsylvania. -Preoperatively all 
had moderate to marked hypertension with retinopathy® 
grades II to IV (3), fluoroscopic and electrocardiographic 
evidences of left ventricular hypertrophy, and moderate 
impairment of renal function as measured by PSP ex¬ 
cretion and urea clearance tests. At the time of the tilt 
study no patient showed either elevation of the blood 
urea nitrogen above 20 mgm. % oe signs of congestive 
heart failure. 

The patients studied after sympathectomy were selected 
at random without regard to the severity of the post¬ 
operative postural hypotension. All were ambulatory. 
Sympathectomies had been completed from two weeks 
to seven years prior to testing. Ten of the 17 tilts fol¬ 
lowing sympathectomy were made in the 12 months im¬ 
mediately after operation, and of these ten, eight were 
studied within six months after operation. 

Control measurements of cerebral blood flow, o.xygen 
consumption, and mean femoral arterial pressure (4) 
were made in the supine position in a room kept as coo! 
as was consistent with the patient’s comfort. Accurate 
control of the environmental temperature was not pos¬ 
sible. The patient was then tilted to a 20° head-up posi¬ 
tion. After three minutes in this position, simultaneously 
drawn samples of blood from the femoral artery and the 
internal jugular vein were obtained for analyses of oxy¬ 
gen and carbon dioxide content and blood pH as previ¬ 
ously reported (5). When the patient had been in the 
head-up position for 20 minutes the second cerebral blood 
flow and oxygen consumption measurement was made. 
The pressure in the femoral artery during tilt and the 
vertical distance from the position of the needle to the 
level of the patients' eyes were recorded. The cerebral 
arterial pressure was then calculated as reported by 
Scheinberg and Stead (6). The Jugular venous pressure 
was then subtracted from the calculated cerebral arterial 
pressure to give “effective” cerebral arterial pressure. Ve- 

® These examinations were made by Dr. Irving H. Leo¬ 
pold, Department of Ophthalmology, Hospital of the 
University of Pennsylvania. 
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nous pressure was measured (at tlie level of the internal 
jugular bulb) both while in the supine position and at 
the end of the tilt period while still semi-erect. 

RESULTS 

Table I contains the data on each patient. Also 
included are values previously reported for the 
normotensives. The percentage change and the 
significant differences from the supine A'alue in 
each group are given in Table 11. There were no 


highlj' significant differences between the mean 
differences of the three groups in any of the 
varial)les. 

1. Mean arterial pressure 

The “efTective” cerebral mean arterial pressure 
was decreased by tilt in ))oth groups of patients. 

Eight patients tilted within six months or less 
after sympathectomy showed a highly significant 
change only in "effective” cerebral arterial pres- 


TADLK I 

Effects of 20° head-np lilt on cerebral circulation and oxygen metabolism 


Patient group 

Retino- 

patliy 

grade 

"Effective" cerebral mean 
arterial pressure, mm. He* * * § 

0.\ygen content 
internal jugular 
vein, vol.% 

•Arteriovenous 
o.xygen differ¬ 
ence, tol.% 

Cerebral 
oxygen up¬ 
take. cc.tlOO 
G.lmin. 

Cerebral 
blood How. 
cc.lIOO 
G.lmin. 

Vascular 

resistance! 

S 

B 

20' 

S 

3' 

20' 

S 

B 

20' 

S 

20' 

S 

20' 

S 

20' 

Essential hypertension 





HI 


mill 

Bi 









H. H. 48 w m 


III 

144 

118 

116 




■n 

4.3 

4.4 

3.5 

3.2 

77 

73 

1.9 

1.6 

D. L. 19 w f i 


IV 

141 

128 

112 

12.0 

11.5 

lliiil 


5.4 

5.6 

3.3 

4,0 

70 

71 

2.0 

1.6 

VV. R. 35 c m 


II 

114 (4.9)§ 

101 

96 (4.1)§ 

11.1 

■EH 

BIkI 


6.0 

6.9 

3.1 

3.6 

58 

52 

2.0 

1.8 

W. M. 40 w 


IV 

144 (9.2) 

128 

121 

12.1 


lUrl 

5.0 


5.9 

3.1 

3.7 

62 

63 

2.3 

1.9 

A. R. 33 w 1 t 


II 

130 


126 

Ku 


wBKk 

8.8 


9.9 

4.0 

4.1 

45 

41 

2.9 

3.1 

A. S. SO w m 


III 

127 


113 

III tl 


Hnci 

6.3 


8.3 

3.1 

3.7 

49 

45 

2.6 

2.5 

N. M. 49 c f 


III 

147 (8.1) 

113 

104 (3.7) 

Iq9 

I0.S 

9.5 

5.9 

5.6 


Wf- OB 

3.7 

49 

60 

2.8 

1.7 

H. M. 45 w f 


IV 

192 (2.9) 

180 

162 (2.2) 

10.0 

10.4 

9.3 

7.2 

6.7 

■m 

Be kB 

3.3 

47 

44 

4.1 

3.7 

J. P. 43 w m 


IV 

151 (5.6) 

114 

128 (5.9) 

9.6 

8.3 

S.S 

5.2 

6.4 

KKi 

Be kB 

2.9 

48 

45 

3.1 

2.8 

E. K. 29 w f 


a 

129 (6.5) 

110 

111 (5.0) 

12.7 

12.3 

12.2 

5.4 

5.6 


Bb III 

5.1 

93 

91 

1.4 

1.2 

W. W. 45 c m 


a 

151 (8.2) 

130 

138 (8.7) 

11.9 

11.8 

10.9 

5.7 

6.8 

6.4 

4.0 

4.2 

70 

65 

2.2 

2.1 

L, B. 31 c f II 


III 

149 (6.2) 

143 

134 

8.1 

7.4 

7.5 

4.9 

5.3 

5.3 

4.5 

3.6 

91 

68 

1.6 

2.0 

V. K. 41 w f 


a 

151 (8.1) 

139 

134 

10.4 


10.5 

7.3 

6.5 

7.1 

4.7 

4.7 

64 

66 

2.4 

2.0 

R. A. 45 c f 11 


a 

149 


98 

12.4 


11.3 

■ana 


6.3 

4.1 

4.5 

68 

72 

2.2 

1.4 

S. B. 43 w i 


a 

159 

124 

123 

11.3 


10.2 

6.2 

6.8 

6.7 

3.6 

3.8 

58 

56 

2.7 

2.2 

W. B. 52 c mil 


la 

156 

166 

111 

8.4 


7.8 

4.9 

5.3 

S.S 

3.3 

3.4 

67 

61 

2.3 

1.8 

A. T. 44 c f 


HI 

151 (3.7) 

132 

130 (2.9) 

10.4 

8.7 

9.2 

6.3 

7.5 

7.6 

2.6 

3.3 

42 

43 

3.6 

3.0 

J. D. 41 w m 


a 

147 

140 

137 

11.8 

11.4 

11.4 

8.2 

7.6 

BH 

2.7 

2.8 

33 

36 

4.5 

3.8 

Mean 


146 (5.7) 

131 

122 (4.6) 

10.7 

10.2 



6.1 

6.6 

3.5 

3.8 

61 

58 

2.6 

2.2 

Standard dev. indiv. diff. 




13 (1.7) 


0.7 

0.6 


0.8 

0.6 


0.4 


7 


0.3 

Postsympathectomy (mos.) 






mm 











Y. J. 46 w f 


I 

123 


92 

10.9 


9.6 

4.7 

6.5 

6.5 

3.4 

4.0 

72 

62 

1.7 

l.S 

M. H. 33 w f 

17 

a 

135 (9.1) 

104 

49 (6.0) 

10.4 


6.6 

6.9 

6.5 

11.2 

5.3 

5.0 

77 

44 

1.8 

1.1 

F. H. 33 w m 

16 

a 

114 

92 

91 

12.1 

11.9 

11.4 

5.3 

6.2 

6.5 

3.3 

3.3 

62 

51 

1.8 

1.8 

P. B. 46 w m 

7 

a 

104 (5.9) 

98 

98 

10.7 

10.7 

10.1 

6.3 

6.8 

7.0 

3.3 

4.1 

52 

59 

2.0 

1.7 

A. P. 32 w f 

21 

I 

no (9.1) 

115 

102 

8.3 

9.0 

7.9 

8.0 

6.9 

8.0 

3.7 

3.6 

46 

45 

2.4 

2.3 

E. L. 43 w m 

6 

a 

159 (8.1) 

141 

127 (7.4) 

10.4 

11.1 

■Mra 

6.3 

8.5 

6.3 

2.5 

2.8 

40 

45 

4.0 

2.8 

S. C. 33 c f 

3 If 

HI 

168 (7.5) 

151 

133 

8.5 

8.9 

8.4 

8.6 

7.5. 

8.3 

3.4 

3.8 

39 

46 

4.3 

2.9 

D. L. 19 w S 

3 11 

a 

125 (9.9) 

79 

63 (8.8) 

10.9 

9.7 

9.8 

4.5 

5.9 

5.9 

2.3 

4.1 

SO 

69 

2.5 

0.9 

K. G. 40 w f 

6 

II 

133 (4.9) 

120 

no (4.6) 

10.4 

9.5 

9.6 

5.1 

5.5 

6.1 

4.2 

4.3 

82 

71 

1.6 

l.S 

W. M. 40 w m 

3}1I 

a 

92 (7.8) 

83 

83 (7.4) 

12.4 

11.2 

11.2 

5.2 

6.4 

7.0 

3.8 

3.9 

73 

55 

1.3 

l.S 

F. K. 48 w f 

3 1! 

IV 

101 (7.1) 

100 

60 (6.8) 

9.1 

9.6 

8.6 

6.4 

5.5 

6,9 

4.3 

4.8 

67 

69 

1.5 

0.9 

M. D. 36 c f 

71 

a 

162 (8.5) 

135 

101 (7.7) 

12.3 

10.9 

10.5 

6.6 

7,2 

8.1 

3.4 

3.6 

51 

44 

3.2 

2.3 

E. W. 49 w f 

60 

a 

146 (S.S) 

127 

116 (3.3) 

10.5 

8.2 

7.6 

7.1 

8.8 

10.1 

2.7 

3.2 

38 

32 

3.8 

3.6 

J. M. 28 w m 

84 

IV 

163 (7.7) 

153 

150 (7.5) 

10.7 

■im 

11.9 

6.7 

8.6 

■mm 

5.4 

4.2 

81 

57 

2.0 

2.6 

A. R. 33 w f 

5 

a 

108 


77 

8.4 


8.7 

6.9 



3.5 

ESH 

51 

45 

2,1 

1.7 


14 

0 

94 


70 

8.7 

7.4 

7.8 

6.1 

8.0 

WfWm 

3.9 

Bi«B 

64 

52 

l.S 

1.3 


24 

0 

95 


59 

9.2 

7.6 

Ha 

6.0 

m 

mQi 

3.2 

Bi 

53 

53 

1.8 

1.1 

Mean 


125 (7.0) 

no 

93 (6.6) 

10.2 

9.7 

9.3 

6.3 

7.0 

7.5 

3.6 

3.9 

59 

S3 

2.3 

1.9 

Standard dev. indiv 

■ diff. 



nn 

21 (1.1) 


0.9 

1.2 


1.0 

1.2 


0.6 


13 


0.6 

Pionnotensive patients 



■ml 






mm 








previously reported (1) 

















Mean 



88 

BBi 

73 

10.3 


10.4 

6.1 


6.3 

3.2 

3.3 

53 

54 

1.7 

1.4 

Standard dev. indi\ 

-. diff. 



11 

HH 


B 

0.9 


m 

0.6 


0.3 


5 


0.2 


* S signifies supine position mean values. 

3' signifies mean values after patients had been three minutes in the 20° head-up position. 

20' signifies mean values after patients had been 20 minutes in the 20° head-up position, 
t Signifies “effective" cerebral mean arterial pressure divided by cerebral blood flow, 
t Signifies patients studied after sympathectomy. ' . 

§ Signifies jugular venous pressure that was subtracted from calculated cerebral pressure to give effective pressure. 
It Signifies patient had symptoms after 12 minutes head-yp requiring return to supine position. 

If Signifies patient had entire right adrenal removed at time of second stage sympathectomy. 
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TABLE II 

Comparison of the per cent changes in cerebral circulation and oxygen metabolism with 30° tilt 



Cerebral 

Patient sroup 


Jugular Oxygen 
content 

Blood flow 

Vascular 

resistance 

Oxygen uptake i 

i 

A-VOi 

difference 

Essential hypertension, 18 
pts., 18 observ’ns 

-16* 

-6* 

-S 

-15* 

+9* j 

+ 10* 

Postsympathectomy, 13 
pts., 17 observ’ns 

-26* 

-9* 

-11 

-17* 

-i-8 

-M9* 

Normotensive, 5 pts., 5 ob- 
serv'ns. Prev. reported 
(1) 

-17* 

+ 1 

+2 

-18 

+3 

+3- 


* Signifies sfatisticaliy significant differences from the mean values in the supine position (p<0.0f). 


sure. The 26% reduction was identical with that 
of the entire postsympathectomy group. 

2. Cerebral venous blood oxygen content and 

brain blood flow 

In both groups of patients the internal jugular 
blood oxygen concentration was reduced signifi¬ 
cantly from the recumbent value (p<0.01). 
Comparable increases in the cerebral arteriovenous 
oxygen differences were observed. The increase 
in this oxygen difference after three minutes of tilt 
was significant in the patients studied after sym¬ 
pathectomy (p<0.02), but was not in the pa¬ 
tients with essential hypertension. The decreases 
in the oxygen content of cerebral venous blood af¬ 
ter 20 minutes of tilt cannot be attributed to sig¬ 
nificant reductions in cerebral blood flow in either 
group (Table II). 

3. Cerebral oxygen consumption 

Although the cerebral arteriovenous oxygen 
difference increased only 10% in the hyperten¬ 
sives, the 9% increase in cerebral oxygen consump¬ 
tion after 20 minutes of tilt proved to be highly 
significant (p<0.01). Cerebral oxygen con¬ 
sumption was not increased in the postsympathec- 
tomy group. 

4. Cerebrovascular resistance 

The cerebral blood flow of the patients after 
sympathectomy was decreased 11^ with a 26% 
reduction in “effective” mean cerebral pressure. 
This can be explained by the fact that the cerebro¬ 
vascular resistance decreased 17fo from 2.3 to 1.9 
units, indicating a highly significant relaxation of 


cerebral vessels during the tilt period. A com¬ 
parable reduction in cerebrovascular resistance 
was found both in the hypertensive patients and 
in the normotensive subjects (1). 

5. Untoward symptoms during tilt 

It is noteworthy that no symptoms suggesting an 
inadequate cerebral circulation were encountered 
while the surgically treated patients were tilted. 
However, three patients with essential hyperten¬ 
sion, L. B., R. A., and W. B. (Table I), having 
been immobile at least 12 minutes in the tilt posi¬ 
tion, suddenly developed sweating, nausea, weak¬ 
ness, bradycardia, marked drop in blood pressure 
and syncope. These were ameliorated by a return 
to the horizontal and the 20 minute observations 
in these patients were made there. R. A. and 
W. B. had reductions in pressure considerably 
greater than the mean of the group, indicating 
that the pressure had not returned to the pretilt 
level over a 15 minute period following the faint¬ 
ing episode. The other patient, L. B., had a 25% 
fall in blood flow (91 to 68) even though the pres¬ 
sure rose toward the control observation. There 
was an increase in resistance in this patient, with¬ 
out an appreciable increase in the cerebral arterio¬ 
venous oxygen difference. Each of these patients 
showed a decrease of 0.6 vol. % or more in the 
oxygen content of the internal jugular blood when 
compared with the pretilt concentration. It is of 
interest that L. B. had a transient left hemiplegia 
one month before. Some slight weakness of the 
left leg was present at the time of this study. The 
supine cerebral blood flow, cerebral arteriovenous 
oxygen difference, cerebral oxygen uptake, and 
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cerebrovascular resistance were not characteristic 
of essential hypertension (5). 

<5. Tilt studies before and at intervals after sym¬ 
pathectomy in the same patient 

Postural hypotension of a moderate degree was 
observed with the tilt test over the two year pe¬ 
riod following sympathectomy in patient A. R. 
(Table I). Although this patient had only moder¬ 
ate hypertension preoperatively, she was troubled 
with severe headaches and had evidence of vas¬ 
cular damage of such a degree as to warrant sym¬ 
pathectomy. Following operation, she had com¬ 
plete relief from headache. The fundi are now 
normal. The heart size and electrocardiogram are 
now normal, Renal dysfunction has not pro¬ 
gressed. 

Tilt tests were made before operation, two 
weeks, 14 months, and two years after sympathec¬ 
tomy. The cerebral blood flow during the most 
recent tilt study was unchanged when the “effec¬ 
tive” mean cerebral pressure was reduced 38%. 
These measurements indicate that the cerebral 
vessels in this patient are capable of considerable 
relaxation at this time, cerebrovascular resistance 
having decreased equally with the arterial pres¬ 
sure. There was, however, a 25% increase in 
cerebral arteriovenous oxygen difference and 
oxygen consumption as jugular blood oxygen 
content decreased 1.5 vol. % when compared with 
the supine observation. No unpleasant symptoms 
were observed during this tilt period. Two other 
patients were studied before as well as after 
sympathectomy (D. L. and W. M., Table I). 
Cerebral blood flow increased with tilt in one, 
but decreased in the other. Both of these pa¬ 
tients have had a good clinical response for at least 
one year after operation. 

COMMENT 

These studies offer additional evidence that the 
high tone of cerebral vessels normally present in 
essential hypertension is capable of partial relaxa¬ 
tion in response to a fall in cerebral arterial pres¬ 
sure induced by 20° tilt for 20 minutes. A com¬ 
parable degree of relaxation, tending to counteract 
the decrease in cerebral blood flow which would 
otherwise occur, has been found in the group tilted 
after sympathectomy. The decrease in the resist¬ 


ance in the latter group during tilt appeared to 
augment the previously mentioned reduction in 
cerebrovascular resistance in the supine position 
after sympathectomy (2). Although the cerebral 
oxygen uptake of the sympathectomy group was 
unchanged by the 20° head-up position, there was 
a highly significant reduction in the oxygen con¬ 
tent of the jugular blood in both groups. Kety 
and associates have observed a similar trend in 
a study of the cerebral circulatory response to the 
acute reduction in cerebral mean arterial pressure 
induced by differential spinal anesthesia (7). We 
interpret this as an indication that the increased 
tone of the cerebral vessels usually present in es¬ 
sential hypertension and persisting after sympa¬ 
thectomy could only be partly relaxed in response 
to the fall in pressure induced by this slight 
degree of tilt. 

The cerebral arteriovenous oxygen difference 
was not increased by tilt as much in the patients 
with essential hypertension as in the patients 
tested after sympathectomy (Table II). Cerebral 
blood flow was reduced about the same amount. 
However, the 9% increase in cerebral oxygen up¬ 
take was highly significant (p < 0.01). This was 
not observed in the normotensive group. The 
measurements of this study offer us no explanation. 

The symptoms experienced by hypertensive pa¬ 
tients during tilt were similar to those observed 
during a sudden fall in arterial pressure from dif¬ 
ferential spinal sympathetic block (7). These data 
are further evidence suggesting that such symp¬ 
toms were the result of cerebral anoxia associated 
with an inadequate circulation while in this posi¬ 
tion. A decrease in cerebral blood flow and an 
increase in the cerebral arteriovenous oxygen dif¬ 
ference have been reported when normotensive sub¬ 
jects were tilted to a 65° head-up position and held 
there for ten minutes (6). 

Our data give us no ready explanation for the 
difference in the symptomatic response of the two 
hypertensive groups to this slight degree of head- 
up tilt. It is probable that the absence of collapse 
symptoms in the postsympathectomy group was 
fortuitous. 

The patient E. L. (Table I) was studied six 
months after sympathectomy. He had suffered a 
right hemiplegia one week after the second stage 
was completed. Although this patient had com¬ 
plete motor and sensory recovery within the next 
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week, some weakness of the right leg remained at 
the time of this tilt study. E. L. had been stud¬ 
ied before operation and there appeared to be no 
essential difference in the supine data, published 
as part of a report of the effect of stellate block 
(8). However, the 16^ increase in blood flow 
during tilt with no decrease m cerebral arterio¬ 
venous difference raised the question of shunts 
through damaged cerebral tissue. Also of in¬ 
terest is the fact that the patient suffered a right 
homonymous hemianopia six weeks after the tilt 
study. This gradually cleared within three months. 

Kety (9) and Schmidt (10) (Table II) have 
recently summarized the evidence from investiga¬ 
tions over the past four years bearing on the re¬ 
lationship between arterial hypertension and the 
marked increase in cerebral vascular resistance 
accompanying it. They suggest a humoral agent 
as the mediator of the increased cerebral vascular 
resistance as well as the uniform increase in vascu¬ 
lar tone throughout the body. The results of the 
present study in which hypotension was induced 
in the cerebral arterial system under slight physio¬ 
logic stress also show that the increased cerebral 
vascular resistance can be decreased when the 
“effective" arterial pressure is lowered. The fail¬ 
ure of the cerebral vasculature to relax to the de¬ 
gree enabling the oxygen content of the internal 
jugular vein blood to remain unchanged might be 
considered as further evidence suggesting the 
presence of a circulating pressor substance. 

That relaxation of the tone of cerebral blood 
vessels is possible in hypertension has been dem¬ 
onstrated by studies of the cerebral circulation af¬ 
ter sympathectomy (2) and following intramuscu¬ 
lar dihydroergocornine (11). Following the ad¬ 
ministration of this drug cerebral blood flow, 
cerebral arteriovenous oxygen difference, and 
oxygen content of the internal jugular vein were 
essentially unchanged when the arterial pressure 
was significantly reduced. These latter observa¬ 
tions seem to answer in the affirmative the ques¬ 
tion : Can the elevated arterial pressure of patients 
with essential hypertension be lowered without un¬ 
toward symptoms that might be related to a de¬ 
crease in cerebral blood flow, cerebral oxygen up¬ 
take, and mean cerebral oxygen tension ? ** 

®The authors recognize that venous oxygen content 
is a less adequate measure of cerebral oxygen homeostasis 
than venous oxygen saturation or tension (7). 


SUMMARY 

Measurements of cerebral blood flow, cerebral 
oxygen uptake and cerebral vascular resistance 
were made by the nitrous oxide method before and 
after 20° head-up tilt in patients with essential hy¬ 
pertension. A significant reduction in “effective” 
cerebral arterial pressure during the tilt was ob¬ 
served. 

Cerebral blood flow was not reduced signifi¬ 
cantly during tilt in either group. Cerebral vascu¬ 
lar resistance was reduced in both. Oxygen up¬ 
take of the brain increased when the patients with 
essential hypertension were tilted and was un¬ 
changed in the sympathectomy group. Symptoms 
of cerebral anoxia wdre not observed in these pa¬ 
tients. 

The oxygen content of the blood from the in¬ 
ternal jugular vein in the two groups of patients 
was significantly reduced while semi-erect. This 
indicates that, although the cerebral vascular re¬ 
sistance was diminished, the increased tone was 
only partially relaxed. 

From the data obtained we believe the following 
conclusions may be drawn: 

1. The increased cerebral vascular resistance in 
essential hypertension can be partially relaxed 
when the arterial pressure is lowered by this slight 
degree of tilt. 

2. Patients studied after sympathectomy showed 
the same degree of incomplete relaxation with 
tilt as the patients with essential hypertension, but 
did not experience cerebral anoxia. 

3. Failure of the cerebral vasculature to relax 
completely might be considered as evidence sug¬ 
gesting the presence of significant amounts of cir¬ 
culating pressor substances even in the patients 
who have had a sympathectomy. 
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